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PART. I. THE RATE OF OXIDATION. 


HE following paper gives some of the results thus far 
obtained from a study of the rate of oxidation of stannous 
chloride solutions by means of freeoxygen. Although the inves- 
tigation is only in the beginning stage it seems that, on account 
of the rather unusual results obtained, and on account of the fact 
that this particular work is, for a few months, necessarily inter- 
rupted, it may be well to publish the results already at hand. 
The method used consisted in thoroughly shaking a solution of 
stannous chloride in an atmosphere of pure oxygen and measur- 
ing the decrease in volume, for definite periods of time, by means 
of a gas-burette. Thus far all measurements have been made at 
atmospheric pressure. The shaking apparatus is described here 
somewhat fully as it is thought that it may possibly be of service 
to others. It consists of a flask (Fig. 1) with two outlets, a and 
6. When the apparatus is in use, a is used for filling and 6 is 
13-23 
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Fig. 1. 


connected with the gas-burette. The flask is carried in a holder 
(Fig. 2). The rods of the holder, a a’ (Fig. 2), pass through 
holes, a a' (Fig. 3), in a brass plate which is soldered to a brass 
rod which may be held in the clamp of an ordinary ring stand. 
The manner of setting up the whole apparatus is indicated in 
Fig. 4, in which the whole device is shown in the thermostat. 
The string, s, is connected with the crank of a motor, by whose 
first half-revolution the carrier and flask are pulled from the posi- 
tion of rest (indicated by solid lines) to that indicated by the 
dotted lines. During the second half-revolution of the motor- 
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crank the strain on the string is relaxed and the flask and carrier 
are brought back into the original position by the U-shaped spring, 
#. Each revolution of the motor corresponds to one backward 
and forward journey of the flask. It was found that the appara- 
tus responded readily to a rate of 400 revolutions per minute, 
whereas, so far as could be determined, the rate of reaction was 
independent of the velocity of shaking above 250 per minute, 
when 20 cc. of solution absorbing at the rate of not more than 2 
cc. per minute were used. As will be seen from what follows, no 
very thorough test of the efficiency of the device is as yet possi- 
ble because other accidental factors which have not as yet become 
avoidable have a much greater influence upon the velocity of re- 
action than does the rate of shaking. 

In a thermostat of ordinary size the apparatus works better at 
high shaking rate than at slow because the waves in the thermo- 
stat are automatically broken. In using the apparatus for low 
shaking rates it was found necessary to provide a collar to fit 
around the carrier and to float upon the surface of the water in 
the thermostat. The collar used was about 7 inches in diameter. 

The oxygen used was prepared electrolytically, using nickel 
electrodes and potassium hydroxide solution as electrolyte. 
Potassium hydrd&ide has the advantage over sulphuric acid, that 
by its electrolysis no ozone nor hydrogen peroxide is formed.’ 

The general method of procedure (with a few exceptions to be 
related later) was as follows: 

1. The flask, after having been thoroughly cleaned and steamed 
out, was placed in the thermostat in the carrier. The upper out- 
let of the tube was provided with a piece of thick-walled rubber 
tubing, which could be closed with a screw-clamp. The side- 
tube was connected with a gas-burette (Fig. 1) and the whole 
apparatus thoroughly evacuated. Oxygen from the electrolytic 
generator was admitted until the apparatus was filled. The 
evacuation was then repeated and fresh oxygen allowed to enter. 
This whole operation was repeated a third time to insure the appa- 
ratus being filled with pure oxygen. 

2. The apparatus being thus prepared, 20 cc. of the solution 
to be investigated were filled in through the upper opening by 
1 Bodenstein : Zschr. phys. Chem., 29, 667. 
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means of a special device, and the corresponding volume of air 
allowed to escape at ¢ (Fig. 1). 

3. All openings were now quickly closed (except ¢ which was 
left open to the air) and the motor started. The reading of the 
gas-burette usually became slightly larger for the first few sec- 
onds and then began to steadily grow smaller, owing to the 
absorption of oxygen by the solution. The first increase of vol- 
ume is undoubtedly due to the slight evaporation of water from 
the solution until the vapor-pressure is reached throughout the 
flask. 

4. After the volume has been decreasing for about ten sec- 
onds the reading of the gas-burette is taken and at the same time 
a stop-watch is started, and further readings are taken at conve- 
nient intervals. 

5. The residual stannous chloride, after the reaction had become 
very slow, was titrated with standard bichromate solution, with 
starch and potassium iodide as indicator. In some cases where 
the reaction went very rapidly it was considered better to continue 
the experiment until no more oxygen was absorbed ; 7. ¢., until 
all stannous chloride had been oxidized. 

The beginning concentration of stannous chloride was deter- 
mined by the whole volume of oxygen absorbed and the volume 
of bichromate used, while the amounts of stannous chloride con- 
verted at the end of different periods were calculated from the 
readings on the gas-burette. Since the rate of decrease in the 
volume of oxygen was independent of the velocity of shaking 
(z. e., the velocity of shaking was made so great that it had no 
further influence), we can place the concentration of the oxygen 
as constant for any series of experiments with solutions of the 
same compositions (if the slight correction be made for variation 
of the atmospheric pressure). 

That with solutions of different concentrations this is probably 
not strictly allowable, seems to be shown by the experiments of 
Setschenow,' who found that the solubility of carbon dioxide in 
salt solutions decreased very considerably with increasing concen- 
tration of the salt. However, since the investigation has not yet 
reached a point where exact determinations are possible, this 
need not be taken into further consideration at present. 

1 Ztschr. phys. Chem., 4, 117. 
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The concentration of the hydrochloric acid in the solutions was 
determined by taking standardized solutions of the acid in 
making up the solutions for investigation. All measurements 
were made at 25° C. 

Before relating the results of the above-described method of in- 
vestigation it will be well to take into consideration a few prelim- 
inary results which were obtained by a slightly different method. 
This method consisted in placing an approximately weighed quan- 
tity (0.5 gram) of stannous chloride crystals into the flask of the 
apparatus, then filling with oxygen, adding solvent (either water 
or hydrochloric acid of known strength), starting the motor 
and making measurements from thestart. Other experiments in 
comparison were made by allowing the so-prepared solutions to 
stand for considerable periods, in order that any reaction between 
solvent and stannous chloride might become complete. The 
object of these experiments was to see if the slow hydrolysis of 
the salt which appears to take place,’ would have any influence 
upon the rate of oxidation. In this connection the following 
series of measurements are given: A. Measurements with 0.25 
normal stannous chloride without hydrochloric acid. Experi- 
ment started immediately upon mixing of the solution. B. 
Measurements with some of the same solution which had stood 
for one hour. C. Measurements with similar solution which had 
stood forty-eight hours. D. Parallel with C. 

In Columns T are given elapsed time in minutes, and in 
v the absorbed volumes of oxygen, in cubic centimeters. 
Columns D give volume of oxygen for each time interval. 


EXPERIMENT A. 
Conc. SnCl,,} normal. HCl =o. 
v. 


i ‘ D. 
fe) 0.00 wee 
4 0.40 0.40 
8 oth, 0.48 
12 1.38 0.50 
16 2.02 0.64 
20 2.80 i 0.78 
24 3.62 0.82 
28 4.50 0.88 
32 5.52 1.02 
36 6.50 0.98 


(Experiment interrupted. ) 


1 This Journal, 23, 21. 
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Parallel with C, but with new solution. 
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v. 
0.00 
0.80 
1.75 
2.72 
3.80 
4.90 
6.05 
7-25 
8.45 
9.70 


Vv. 
0.00 
1.43 
2.83 
4.28 
5.68 
7.18 
8.73 

10.28 

11.73 


v. 
0.00 
1.35 
2.80 
4.28 
5.84 
7-45 
9-03 
10.60 


EXPERIMENT B. 
Conc. SnCl,, } normal. 


Solution 1 hour old. 


HCl=o. 

D. ys Vv. 

ae 40 10.95 
0.80 44 12.12 
0.95 48 13.25 
0.97 52 14.34 
1.08 56 15.44 
1.10 60 16.35 
1.15 64 17.22 
1.20 68 17.94 
1.20 72 18.62 
1.25 

EXPERIMENT C. 

Same solution. 48 hours old. 

D. *: v. 

eee 45 13.11 
1.43 50 14.51 
1.40 55 15.68 
1.45 60 16.70 
1.40 65 17.58 
1.50 70 18.28 
1.55 80 19.23 
1.55 go 19.91 
1.45 100 20.26 


EXPERIMENT D. 


D. 
1.35 
1.45 
1.48 
1.50 
1.61 
1.58 
1.54 


7: 
40 
45 
50 
55 
60 
65 
75 
85 


Vv. 

12.14 
13.63 
14.94 
16.13 
17.14 
17-94 
19.04 
19.74 


D. 
1.25 
ELF 
135 
1.09 
I.I0 
0.91 
0.87 
0.72 
0.68 


D. 
1.38 
1.40 
1.17 
1.02 
0.88 
0.70 
0.95 
0.68 
0.35 


Also 48 hours old. 


D. 
1.54 
1.49 
1.31 
1.19 
1.01 
0.80 
1.10 
0.74 
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In the above experiments the solutions were prepared before 
placing them in the flask. In the following ones (E-H) the 
solutions were prepared as described above, by first placing the 
crystallized salt in the flask, then filling the apparatus with oxy- 
gen, adding solvent (water or dilute hydrochloric acid ), and start- 


ing the motor. 


made the solution approximately } normal. 


One-half gram stannous chloride was used which 








- 
10 
15 
20 
25 
30 
33 
40 
45 


0.5 gram 


0.00 
0.70 
1.61 
2.95 
4.51 
6.03 
7.66 
9.24 
10.88 
12.48 


Vv. 
0.00 
0.82 
1.94 
3.40 
4.98 
6.52 
8.12 
9.80 

11.48 

13g0 


SnCl, 
D. 


0.70 
0.91 
1.34 
1.56 
1.52 
1.63 
1.58 
1.64 
1.60 
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EXPERIMENT E. 
+ 20 cc. pure water. 


i A 
50 
55 
60 
65 
70 
75 
80 
85 
go 


v. 

13.98 
15-33 
16.65 
17.83 
18.83 
19.62 
20.20 
20.70 
21.12 


EXPERIMENT F. 
Parallel with E. 


D. 
0.82 
5,12 
1.46 
1.58 
1.54 
1.60 
1.68 
1.68 
1.62 


T. 
50 
55 
60 
65 
70 
75 
80 
85 
go 


v. 

14.60 
15.98 
17.22 
18.32 
19.22 
19.95 
20.54 
21.00 
21.35 







1.50 
1.35 
1.32 
1.18 


1.00 
0.79 
0.58 
0.50 
0.42 


D. 
1.50 
1.38 
1.24 
I.10 
0.90 
0.73 
0.59 
0.46 
9.35 


The agreement between E and F is fairly good, especially as 
the two portions of 0.5 gram each of stannous chloride were not 
weighed very exactly. Further, two or three minutes’ time was 
accidentally lost at the beginning of F, so that all of the early 


readings are somewhat too large. 


However, the general course 


of the absorption corresponds very closely in both cases, and as 
preliminary experiments they are satisfactory. 

Experiments G and H, following, were made in exactly the 
same way except that 4 normal hydrochloric acid was used instead 
of pure water in making up the solutions. 


EXPERIMENT G. 
End strength = 0.80! cc. 


0.5 gram SnCl, + 20 cc. } normal HCl. 


T. 

°o 

5 
Io 
T5 


v. 
0.00 
2.13 
3-95 
5-55 


D. 


2.13 
1.82 
1.60 


a 
20 
25 
30 
35 


v. 
7.10 
8.63 

10.10 

11.45 


D. 
1.55 
1.53 
1.47 
1.35 


1 All titrations are expressed in terms of the number of cubic centimeters of 0.10 nor- 


mal K»eCreO;. 
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7, Vv. D. T. V. v. 
40 12.70 1.25 80 20.55 0.75 
45 13.87 1.17 85 21,77 0.72 
50 14.99 1.12 go 21.95 0.68 
55 16.07 1.08 95 22.57 0.62 
60 17.06 1.02 100 23.16 0.59 
65 18.07 0.98 105 23.72 0.56 
70 18.95 0.88 110 24.22 0.50 
75 19.80 0.85 1I5 24.65 0.43 


EXPERIMENT H. 


0.5 gram SnCl, + 20-cc. }normal HCl. End strength = 2.2 cc. 


Zz V. D. =. Vv. D. 
o 0.00 a 55 15.75 1,09 
5 1.87 1.87 60 16.77 1.02 
fe) 3.52 1.65 65 17.72 0.95 
15 4.96 1.44 70 18.62 0.90 
20 6.63 1.67 75 19.44 0.82 
25 8.18 1.55 80 20.18 0.74 
30 9.62 1.44 85 20.90 0.72 
35 II.00 1.38 go 21.58 0.68 
40 12.28 1.28 95 22.26 0.68 
45 13.50 1.22 100 22.87 0.61 
50 14.66 1.16 


Here, again, is fair agreement, although the absorption was 
noticeably faster in G thanin H. ‘The most noticeable feature 
is that in these experiments, with } normal hydrochloric acid, 
the increase of the rate of absorption for the first thirty or forty 
minutes, so noticeable in the previous experiments, has disap- 
peared. The absorption per five minutes falls off from the start 
to the finish of the reaction. 

The approximate agreement of the results of parallel experi- 
ments by the above method permits of the hope of determining 
the true reaction velocity between oxygen and stannous chloride 
solutions, by some refinement of the above method. From this 
point on, a modification of the above method was introduced. 
By this method a considerable quantity of a solution 4+ normal as 
to hydrochloric acid and } normal as to stannous chloride, 
was prepared. This was filled into carefully cleaned tubes of 
about 0 cc. capacity, sealed up after thorough evacuation, and 
allowed to stand until wanted. In making a series of measure- 
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ments a tube was opened, a portion taken out, the tube then 
closed with a piece of thick-walled rubber tubing, and evacuated 
again, and thus kept until another portion was wanted. Contrary 
to expectations, this method gave extraordinarily irregular 
results, the variation between the rates of oxidation of two por- 
tions taken from the same tube being sometimes as great as several 
hundred per cent. The results of a number of measurements 
made by this method are given below. There are also given in 
some cases the velocity constants of the reaction calculated upon 
the basis that the concentration of the stannous chloride is the 
only one that changes during the reaction (7. ¢., assuming that 
the oxygen concentration is constant and that the products of the 
reaction exert no catalytic action). In many cases only the read- 
ings for the first few minutes are given because it was not con- 
sidered necessary to complete each experiment when varying 
results were obtained. Experiments I,, Ig, and I, were made 
with one and the same solution. I, and Ig were about two hours 
apart, while Ig and I, were about twenty-four hours apart. All 
following experiments were made with 4normal HCl and | nor- 
mal SnCl, solutions. 


EXPERIMENT Ia. 





@g 
End strength = 0.90 cc. A= 0.2008. 
log A 
x. vy, D. X. det 
T 
° 0.00 see 0.00000 Bile 
5 3-60. 3.60 0.02925 0.01370 
Io 6.65 3.05 0.05405 0.01362 
15 "9.30 2.65 0.07558 0.01367 
20 11.45 2.15 0.09296 0.01350 
25 13.30 1.85 0.10810 0.01346 
30 14.95 1.65 0.12150 0.01348 
35 16.42 1.47 0.13350 0.01359 
40 17.80 1.38 0.14460 0.01382 
45 19.00 1.20 0.15460 0.01418 
50 - 19.98 0.98 0.16240 0.01439 
55 20.80 0.82 0.16900 0.01455 
60 21.65 0.85 » 0.17600 0.01530 
65 22.40 0.75 0.18200 0.01582 
70 23.05 0.65 0.18730 0.01675 
0.19180 0.01798 
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EXPERIMENT Ip. 











A =0.2008., 
A 
+: v. D. Xi 108 3x A 
T 

° 0.00 eae sicmceaa wea 

5 4.80 4.80 0.03900 0.01876 
Io 9.05 4.25 0.07353 0.01979 
15 12.50 3-55 0.10160 0.02041 
20 15.25 2.75 0.12390 0.02084 

EXPERIMENT Iy. 
End strength = 1.10, A = 0.1998. 
tT. v. D. x. bee! = 
z 

0) 0.00 cee ecce eoee 

5 4.70 4.70 0.03735 0.01802 
10 8.70 4.00 aes eee 
15 11.98 3.28 orotate pail 
20 14.52 2.54 0.11530 0.01870 
27 17.40 1.98 pares ail 
30 18.40 1.00 
35 _ Ig.88 1.48 mere ee 
40 21.15 1,27 0.16810 0.02000 
45 22.25 1.10 
50 23.12 0.87 
55 23.80 0.68 anes Jan 
60 24.40 0.60 0.1938 0.02540 


It will be noticed that in each of these last three series of 
measurements the rate of oxidation is very considerably greater 
than with solutions of the same concentration, but which were 
prepared in the flask of the shaking apparatus (Experiments G 
and H). In fact the rate is more than doubled. It would thus 
seem that the rate of oxidation of the solution increases with its 
age to a certain extent. The same may be noticed by compari- 
son of Experiments A, B, C, and D. 

Another very marked regularity among the irregularities was 
noticed. ‘The phenomenon may be briefly described, as follows : 
If a tube of the fresh solution were opened and allowed to stand 
for about twenty minutes in the air, different portions of the 
solution gave results in approximate agreement. But if care were 
taken not to open the tube until immediately before an experiment, 
and then to transfer the first portion immediately into the appa- 
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ratus, this first portion invariably gave results much higher than 
succeeding portions, and the succeeding portionsagain gave results 
agreeing fairly well. The following two experiments illustrate 
the falling off in the rate of oxidation after the tube with solution 
had stood for a few moments exposed to the air. Measurements 
@ are with first portions, taken as soon as possible after opening 
the tube. Measurements f# are taken about one-half to one and 
one-fourth hours later.’ The influence of oxidation by the air on 
standing thus long was not significant, as the solutions gave prac- 
tically the same concentrations of stannous chloride for #-meas- 









urements as for a-measurements. 


EXPERIMENT Ja. 








zi V. D. 7. Vv. D. 
fe) 0.00 vee 20 13.80 2.40 
5 4.50 4.50 25 15.80 2.00 
10 8.24 3-74 30 17.75 1.95 
15 II.40 3.16 35 19.45 1.70 
EXPERIMENT Js. 
v. V. D ‘i v. D. 
fe) 0.00 see 50 21.00 I.10 
5 4:32 3.32 55 22.20 1.20 
10 6.40 3.08 60 23.22 1.02 
15 9.20" 2.80 65 24.18 0.96 
20 11.65 2.45 70 25.00 0.82 
25 13.80 2.15 75 25.70 0.70 
30 15.80 2.00 80 26.10 0.40 
35 17.40 1.60 85 26.30 6.20 
40 18.75 1.35 go 26.45 0.15 
45 19.90 1.15 
EXPERIMENT K (a AND 8). 
Ka. KBs. 

T. v. D. *. v. D. 
oO 0.00 wee fo) 0.00 Bek 
5 6.52. 6.52 5 2.56 2.56 
10 11.70 5.18 10 4.80 2.24 
15 15.50 3.80 15 6.90 2.10 
20 18.40 2.90 20 8.80 1.90 
25 20.52 2.12 25 10.50 1.70 
30 22.20 1.78 30 12.00 1.50 
35 23.50 1.30 35 13.50 1.50 


It was thought possible that the reaction in question might be 
sensitive to the influence of light and a very considerable number 
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of experiments were carried out to determine whether or not this 
was the case. The results of the investigation showed clearly 
that if light had any influence upon the rate of reaction, it was 
so small as to be insignificant in comparison to other disturbing 
factors. It will scarcely be necessary to relate these experiments 
in detail here, as the results are purely negative. 

On account of the fact that a solution that had been preserved 
7 vacuo for some time experienced a considerable fall in oxidation 
rate on exposure to the air for a few moments, it was thought 
possible that the re-evacuation of the tube might remove at least 
partially the agent which brought about the depression in the 
oxidation rate. Several experiments were carried out to deter- 
mine this. ‘The re-evacuation had no apparent influence, as the 
following measurements show. Only the volumes absorbed in the 
first five minutes are given. Under ‘‘a’’ are the values for the 
first portions, taken immediately upon opening the tube; under 
‘* @ the values taken after the solution had stood for some little 
time exposed to the air (usually with one or two shakings) ; under 


” 


‘‘y’’ are the results after the solutions had been re-evacuated, 
and had remained sealed up from four to eighteen hours. 

No. a, B. Y- 

T ccccce vecccs ccceveccce 6.00 3.70 3-4, 

2 sia bask gta oma aelelelaetieeret 7.50 4.20 3.25 

3 ccccce secccecccececces 6.85 4.20 4.10 

Go veeeee cose eevee veces 9.00 5.00 5-30 


In No. 4 a small increase in y over Bis observed. Otherwise 
the y-values are regularly smaller than the f-ones. This is prob- 
ably due to the effect that after f-portions were taken out it was 
necessary to allow the tube to stand open for a few moments 
longer before re-evacuation. 

As a result of the above measurements, we may draw the con- 
clusion that the reaction between stannous chloride solutions and 
oxygen is extremely sensitive to minute quantities of substances 
with which the reagents may come in contact in the ordinary, 
careful methods of laboratory manipulation. 

The investigation was at this point turned toward the deter- 
mination of these disturbing actions, and considerable headway 
has already been made in this direction. Before relating the 
results of this part of the investigation, however, it may be well 
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to consider the results of the measurements already given from a 
somewhat critical standpoint. Inthe following table a summary 





log — 
is given of the values of a for several series of meas- 


urements. ‘The values are determined from the data of solu- 
tions of practically equal concentrations; vz., 0.2 normal. 
Constants calculated for five minute differences. 
Experiments not given in the 
foregoing. 
Expt.E. Expt.H. Expt.Ia. Expt. Iy. - Expt.Ke -— A . 
I. 2. 3. 4. rs 6. 7. 8. 
0.00244 0.00666 0.01370 0.01802 0.02432 0.01120 0.01150 0.0230 





0.00284 0.00633 0.01362 vise 0.02506 0.01158 0.01175 


0.00356 0.00625 0.01367 sees 0.02516 0.01200 0.01217 

0.00424 0.00652 0.01350 0.01870 0.02539 0.01239 0.01219 0.0222 
0.00466 0.00670 0.01346 sees 0.02550 0.01217 0.01244 

0.00516 0,00683 0.01348 sees 0.02757 0.01233 0.01270 0.0252 
0.00555 0.00698 0.01359 sees 0.02591 0.01242 0.01287 ane: 
0.00603 0.007II 0.01382 0.02000 0.02588 0.01266 0.01335 0.0268 
0.00645 0.00724 0.01418 esee 0.02940 0.05282 0.01385 sees 
0.00688 0.00739 0.01439 sees 0.03252 0.01317 0.01381 0.0310 
0.00724 0.00756 #0.01455 sees 0.03040 0.01356 0.01451 0.0306 


0.00764 0.00771 0.01530 0.02540 0.03040 0.01403 0.01536 0.0310 
0.00802 0.00788 0.01582 oO 01464 
0.00830 0.00808 0.01675 
0.00846 0.00827 0.01798 
0.00850 0.00845 
0.00850 0.00868 
0.00846 0.00897 
0.00935 
0.00975 


Column 1 is for an experiment made without hydrochloric acid 
and by mixing the solution in the apparatus and starting the 
experiment immediately. On the assumption that the reaction is 
simply proportional to the analytically determined concentration 
of stannous chloride these numbers should be constant. They 
increase, however, to a value at the end of the experiment which 
is nearly four times its original value. The values in Column 2 
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are for an exactly similar experiment, made, however, with 0.5 
normal hydrochloric acid instead of pure water. The values here 
show the same sort of an increase except that it is much less 
marked. The remaining values are all for experiments made 
with solutions containing 0.5 normal hydrochloric acid and kept 
sealed up in vacuum tubes for from twenty-four hours to one 
week before using. It will be noticed that all columns show 
marked increase from the beginning to the end values, and, with 
the exception. .of a few scattered values (presumably experimental 
errors), this increase is fairly regular. A further regularity will 
be noticed also in that the ratio between the first and last values 
of a column is approximately the same for all columns (excepting 
Column 4, which may be due to an experimental error ; in my 
note-book I find that the determination of the end reaction in this 
case was doubtful). In other words, although the actual values 
of the velocity constants vary greatly in different series, the 
increase in a given series is approximately proportional to 
the change in concentration for solutions of the same con- 
centration in hydrochloric acid. In solutions made without 
hydrochloric acid the ratio of increase is very much larger, 
and may be so large that it causes an actual increase in the 
volume of oxygen absorbed with decreasing (analytical) con- 
centration of stannous chloride (Experiments A, B, C, D, E,and . 
F). The simplest explanation of this would be that some prod- 
uct of the reaction acts as an accelerator of the reaction. The 
products we should naturally look for are hydrochloric acid, stan- 
nic hydroxide, and stannic chloride, one or more of which might 
be formed. The reaction may take place as follows : 
SnCl, + 3H,O + O = Sn(OH), + 2HCl. (1) 
It is well known that in moderately dilute solutions stannic 
chloride is almost completely hydrolyzed, and this might lead one 
to expect that the hydrolyzed system would be formed under the 
conditions of these experiments... However, according to the Ost- 
wald rule’ it happens very generally that, as the product of a 
reaction, not the most stable, but rather some intermediately sta- 
ble product, is formed. If the rule held in this case, we should get 
stannic chloride formed as first product according to the equation : 
SnCl, + 2HCl + O = SnCl, + H,O. (2) 


1 Ztschr. phys. Chem., 22, 306. 
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and the stannic chloride would then slowly hydrolyze : 
SnCl, + 2H,O = Sn(OH), + 4HCl. (3) 

The only experimental evidence bearing upon this point that I 
have found is the following : 

Thomsen’ found that when stannous chloride solutions were 
oxidized with free chlorine, they showed a strong yellow color. 
This yellow color is also shown when an old solution of stannic 
chloride is mixed with stannous chloride. The solution must be 
some days old to give a distinct color. This color reaction is 
taken by Thomsen’ as a test for the ‘‘ metastannic’’ condition. 
At any rate, the color is evidence of a condition in the stannic 
solution which appears only after long standing of its solution. 
In the foregoing work it was noticed that after an experiment the 
oxidized solution was invariably yellow and the yellow color was 
deeper in solutions which contained less free hydrochloric acid. 
This would indicate that the stannic chloride stage in this reac- 
tion was passed by and the reaction took place according to equa- 
tion (1). The point cannot, however, be looked upon as definitely 
settled as yet. The matter is open to direct determination by 
electrolytic methods, and this will be done in the near future. 

The course of the reaction has an important bearing on the 
theoretical ‘considerations concerning the reaction velocity. If 


‘ the reaction takes place according to equation (1) we can place 


the increase in concentration of hydrochloric acid directly propor- 
tional to the decrease in concentration of stannous chloride. If 
the reaction takes place according to equations (2) and (3) we 
should have to set the increase in hydrochloric acid as a function 
of the velocity of oxidation of stannous chloride and of the 
velocity of hydrolysis of the stannic chloride formed. That hydro- 
chloric acid acts as an accelerator in some way cannot be doubted 
since the solutions made with 4 normal hydrochloric acid give 
constants from three to ten times as large as those made with 
water. If the reaction takes place according to equation (1), the 
fact that hydrochloric acid acts as an accelerator allows of a ready 
explanation of all the peculiarities noticed in the different series 


log _4 


a except the lack of agreement among the 





of values of 


1“ Thermochemische Untersuchungen,”’ Vol. II, p. 445. 
2 Thomsen: Loc. cit. 
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different series, which matter will be discussed later. Assuming 
that the reaction takes place according to equation (1), an 
increase in the concentration of the hydrochloric acid must occur. 
The first effect of this hydrochloric acid will be to drive back 
hydrolysis, if notable hydrolysis exist in the solution. If wecon- 
sider that the hydrolyzed portion of the stannous chloride has a 
lower oxidation rate than unhydrolyzed stannous chloride (or 
that it is not directly oxidizable at all),’ it would necessarily fol- 
low that the activity of a stannous chloride solution made with 
water would increase as the oxidation proceeded, since more and 
more of the hydrolyzed product would be converted into unhy- 
drolyzed. This would take place at all concentrations of hydro- 
chloric acid at which noticeable hydrolysis occurred. ‘The fact 
that the velocity constants for solutions in 0.5 normal hydrochlo- 
ric acid still show a marked increase, might be taken as evidence 
that hydrolysis is still noticeable at that concentration, or it may 
be that the hydrochloric acid has other accelerating influences 
aside from the mere pushing back of the hydrolysis. It is also 
possible that the molecular complexes of stannous chloride and 
hydrochloric acid have a greater rate of oxidation than the sim- 
ple substances. 

If the reaction takes place according to equations (2) and (3), 
the explanation of the facts is not so simple. The first effect of 
the oxidation will then be to form stannic chloride at the expense 
of stannous chloride and hydrochloric acid ; and secondly, this 
stannic chloride will begin to slowly hydrolyze.” Thus, during 
the first part of the reaction we shall have two increasing concen- 
trations ; vzz., stannic chloride and stannic hydroxide, while the 
concentration of hydrochloric acid will decrease, if the hydroly- 
sis of stannic chloride is very slow compared to its rate of forma- 
tion. Somewhere during the reaction stannic chloride will, on 
account of its being more and more slowly produced, cease to 
increase in concentration, and will, on account of continuous 
hydrolysis, begin to decrease. If the rate of oxidation of 
stannous chloride is much faster than the rate of hydrolysis of 


1 An experiment with colloidally suspended stannous hydroxide nearly free from 
hydrochloric acid showed an extraordinarily slow rate of oxidation, which became very 
fast upon addition of a few drops of potassium hydroxide solution. This cannot be taken 
as a wholly satisfactory determination of the above point, since it does not necessarily fol- 
low that all hydrolyzed stannous salt is held in the solution in colloidal form. 

2 Kohlrausch : Zéschr. phys. Chem., 33, 257. 
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stannic chloride, the latter reaction must go on after the former 
is practically complete. This hydrolysis is measurable by elec- 
trolytic methods’ and thus we have a possible means of determining 
whether or not the reaction takes place in this second way or not. 
These measurements will be made in the near future. Of course 
it is by no means excluded that stannic chloride and stannic 
hydroxide may act as accelerators. 

Another wholly different explanation of the whole matter is 
possible. It may be that it is an error to assume that the reac- 
tion rate is directly proportional to the concentration of the stan- 
nous chloride. It might be proportional to some other power of 
the concentration than the first (z. ¢., to C’ orto C}, etc.). Such 
cases are not unknown, apparently. In this case the values of the 
exponent v may be calculated from the changes in concentration 
during the reaction, by the well-known equation of van ’t Hoff :’ 





dc ac. 
1 oat =) 
Rie: ( aT, 
log (4, : G) 


If the reaction took place in a perfectly uniform manner, 7. ¢., 
in such a manner that no accelerating or retarding influences were 
developed duséng the reaction, these values of 2 should be con- 
stant. I have calculated 2 for some few cases, and the results 
obtained are as follows : 


A. , B. 
0.464 0.435 
0.433 0.412 
0.401 0.355 
0.372 0.320 
0.337 0.270 
0.293 
0.242 


The values are by no means constant, but show a marked and 
invariable (several sets were calculated) tendency to decrease. 
Thus it seems necessary to conclude that during the course of the 
reaction accelerating influences are developed. These influences 
can not be named catalytic nor autocatalytic, because they may be 


1 Kohlrausch : Loc. cit. 
2 See van ’t Hoff : ““Vorlesungen,’’ Vol. I, p. 194; also Ostwald : “Lehrbuch,” II, 2, p. 232. 
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apparently of such a nature as to change the whole equilibrium 
existing in the solution. 

It is perfectly evident from the foregoing that before any thor- 
oughly satisfactory explanation of the phenomena above described 
can be obtained, it will first be necessary to be able to control 
the reaction so that constant results may be obtained under a 
given set of conditions. It has already been suggested that the 
reaction seemed to be extraordinarily sensitive to the influence of 
small quantities of substances which it was apparently able to 
take up from the air on afew minutes’ exposure. In Part II 
is given the results of an (almost purely qualitative) investi- 
gation into the cause of the great variations which were found 
to occur in different series of measurements under apparently 
like conditions. As will be seen, the phenomena of variation are 
readily explained, although at present the method of wholly 
avoiding such disturbances or even of studying them with any 
considerable degree of quantitative accuracy, has not been found. 


PART II. CATALYTIC PHENOMENA IN THE OXIDATION OF STAN- 
NOUS CHLORIDE BY OXYGEN. 


As has been stated in the previous portion of this paper, 
the influence of light and of re-evacuation of tubes upon 
the rate of oxidation of stannous chloride solutions seems to be 
nothing. It was now further attempted to determine the influ- 
ence of other substances which could possibly come in -contact 
with the solution. The first substance investigated was rubber. 
Since portions of the apparatus were made of rubber tubing, it 
was thought that the fact that the solution came (or might come) 
in contact with the rubber, could possibly exert some influence. 
The method of procedure was as follows : The rubber tubing was 
rubbed to a fine powder by means of aclean file. From 0.25 to 
0.5 gram of this powder was placed in the tube containing the 
solution to be investigated, and the tube sealed off and rotated in 
the thermostat for about eighteen hours. The solution was tested 
as to its oxidation rate before and after the addition of the rub- 
ber. The results of two such experiments are given in the fol- 
lowing table. Under a@ are the values for T, V, and D before 
addition of rubber, and under # the same values after the addi- 
tion : 
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TABLE I. ; 
Experiment 1. & 
: é 
¢. v. D. - v. D. 
0) 0,00 eee re) 0,00 eee 
5 4.35 4.35 5 II.20 11.20 
10 8.32 3-97 10 22.20 II.00 
15 II.90 3.58 13 26.20 4.00 
Experiment 2. 
a, B. 
ct v. D. *, v. D. 
r@) 0.00 eee Oo 0.00 ceee 
5 4.70 4.70 5 18.20 18.20 
10 9.05 4.35 10 25.60 7-40 
15 12.85 3.80 


As will readily be seen, the influence of the rubber is that of a 
wonderfully active accelerator, the acceleration in the first case 
being over 150 per cent. and in the second nearly 300 per cent. 
Thinking that possibly the sulphur in the rubber might be the 
active agent in bringing about this acceleration, experiments were 
carried out in the same way as those with rubber, using sul- 
phur instead of the rubber. The sulphur used was the ordinary 
crystallized sulphur ground up to a fine powder. The tube with 
solution and sulphur was rotated in the thermostat as in the case 
of rubber, for about eighteen hours. 

In Table II are given the results of one of these experiments, 
the results in all being of the same nature. Under a results 
before and under f results after addition of sulphur : 








TABLE II. 
a. B. 

7. v. D. r. v. D. 
fo) 0.00 eee re) 0.00 eee 
5 3-30 3-30 5 9-95 9-95 

10 7.40 3.10 10 18.10 8.15 

15 9.20 2.80 15 24.90 6.80 


Here there is noticed a similar acceleration to that brought 
about by rubber, and the value of it is about 200 percent. The 
influence of sulphur and rubber is evidently one which gradually 
developsin thesolution, since experiments which were started with 
simple solution were not noticeably influenced by dropping in bits 
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of rubber or of sulphur during the experiment. The effect 
appears “first after the solution and the accelerator have stood 
together for some time. Thus it is evident that the phenomenon 
is due either to slow solution of the accelerator or to a slow chem- 
ical reaction between the substance and the solution. 

Solutions of iron, copper, manganese, and chromium salts were 
next qualitatively investigated. The method was to take a por- 
tion of a solution, measure its initial velocity, then add a few 
drops of the dilute solution of the salt in question, and continue 
the experiment. By noting the rate of absorption before and 
after the addition of the salt solution it was possible to determine 
whether the addition had any considerable influence. There was 
no attempt made to determine the quantity of salt added. Three 
or four drops of the ordinary laboratory solutions were used. 
Following, in Table III, are the results. The values in paren- 
theses indicate the points at which the addition of the salt solu- 
tion was made : 














TABLE III. 
FeSO.. CuSO, 

¥. v. D. ae v. D. 
re) 0.00 vee fe) 0.00 eee 
5 2.80 2.80 I 0.90 0.90 
(5) (2.80) 2 1.85 0.95 
10 10.90 8.10 3 2.80 0.95 

(3) (2.80) ve 

4 5.30 2.50 

5 7.30 2.00 

6 9.20 1.90 

7 10.90 1.70 

§ 12.40 1.50 
MnS04. Cro(SO4)3. 

"?. v. D. * v. D. 
re) 0.00 oO 0.00 eee 
I 1.00 1.00 I 0.72 0.72 
2 2.00 1.00 2 1.40 0.68 
3 2.90 0.90 3 2.20 0.80 
(3) (2.90) © tee 4 3-10 0.90 
4 3-65 0.75 5 4.05 0.95 
5 4.35 0.70 (5) (4.55) vee 
6 5.05 0.70 6 5-33 0.78 
7 5-75 0.70 ’) 6.20 0.87 

8 7.05 0.85 
9 7-95 0.90 











S. W. YOUNG. 





140 


Thus iron and copper both cause very notable accelerations, 
manganese a slight retardation, while the results for chromium 
are somewhat irregular and leave us in doubt. The influence of 
chromium would appear at best to be very slight. 


Up to this point it will be observed that all catalysors' studied 
are positive (2. ¢., accelerating), or very weakly negative, in their 
action, while in the experiments related in Part I it is evident 
that one or more negative catalysors were at work (see Experi- 
ments J and K. 

It was thought likely, as the rate of oxidation of the solu- 
tion kept in evacuated tubes became considerably reduced upon 
the opening of the tube, that some constituent of the air might 
cause the variations. It was my custom to smoke freely in the 
room in which the work was being done, and it occurred to me 
that this might possibly be the cause of the trouble. In the fol- 
lowing table (IV) are contained the results of an experiment to 
determine this point. Under @ are the values for a clean, fresh 
solution, taken directly from the tube, and under f# correspond- 
ing values for the same solution through which tobacco smoke 
had been blown. 








o TABLE IV. 

a, B. 
+, v. x 7. v. D. 

fo) 0.00 . oO 0.00 
I 1.00 1.00 i 0.30 0.30 
2 1.90 0.90 2 0.60 0.30 
3 2.85 0.95 3 0.95 0.35 
4 3.80 0.95 4 1.28 0.33 
5 1.60 0.32 
10 3.13 1.53 
15 4.55 1.42 


In Table V are the results of a series of readings taken upon a 
solution by the same method as was used in investigating the 
metallic salts (above Table III), except that instead of solution 
of metallic salts a few drops of an extract of tobacco were added. 


1I use the word ‘catalysor’ as equivalent to the German word ‘Katalysator.’ It is 
much less cumbersome than the usual terms ‘catalytic agent” and ‘‘contact agent.” 
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Vv 


gam, 
NDUPWOWNHOH 


0.00 
1.45 
2.90 
4.38 
(4.38) 
4.80 
5.20 
5.60 
6.03 


TABLE V. 
D. 
1.45 
1.45 
1.48 
-«» (extract added) 
© 42 
0.40 
0.40 
0.43 
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These results leave not a shadow of doubt but that both 
tobacco smoke and tobacco extract retard the oxidation rate of 


stannous chloride to a high degree. 


The next experiments were 


carried out with a number of common alkaloids and with a variety 


of other substances, including aniline and alcohol. 


are given in Table VI. 




















TABLE VI. 
1/3999 Normal brucine. 1/o99 Normal brucine. 
T. Vv. % ¥: Vv. D. 
oO 0.00 sabe fe) 0.00 yp 
I 1.25 1.25 I 2.38 2.38 
2 2.50 1.25 (1) (2.38) : 
3 3-75 1.25 2 3.00 0.62 
(3) (3-75) 3 3-56 0.56 
4 4.75 1.00 4 4.06 0.50 
5 5-75 1,00 5 4.55 0.50 
6 6.75 1.00 6 5.04 0.48 
1/459 Normal morphine. 1/99 Normal morphine. 
T. v. D. T. v. D. 
oO 0.00 ao oO 0.00 
I 3.55 3.55 I 1.40 1.40 
(1) (3-55) vee (1) (1.40) 
2 4.35 0.80 2 2.10 0.70 
3 5-10 0.75 3 2.85 0.75 
4 5-83 0.73 4 3-55 0.70 
5 6.55 0.72 5 4.20 0.65 
6 7.15 0.60 
.  ls59 Normal nicotine. 1/3, Normal nicotine. 
%. Vv. D. ¥: Vv. D. 
oO 0.00 see ° 0.00 see 
I 1.82 1.82 I 1.50 1.50 
2 3.65 1.83 2 2.80 1.30 
(2) (3.65) $s (2) (2.80) oo 
3 5.15 1.50 3 3.60 0.80 
4 6.45 1.30 4 4.40 0.80 
5 5.20 0.80 


The results 








1/959 Normal phenol. 

















T. v. D. 
oO 0.00 pee 
I 1.25 1.25 
2 2.40 1.15 

(2) (2.40) e 
3 3.75 1.35 
4 5-05 1.30 

1Jo99 Normal aniline. 

“np, v. D. 
fe) 0.00 = 
I 1.55 1.55 
2 3.10 1.55 

(2) (3.10) 

3 4.05 0.95 
4 5.00 0.95 
1/999 Normal aniline. 

cy V: D. 
oO 0.00 : 

I 1.30 1.30 
2 2.55 1.25 
3 3-90 1.30 

(3) (3.90) tee 
4 4.470 0.80 
5 5.50 0.80 

1/o9) Normal pyridine. 
7: v. D. 
oO 0.00 ay 
T 1.40 1.40 
2 2.80 1.40 

(2) (2.80) ie 
3 4.40 1.60 
4 5.90 1.50 

1/199 Normal KCN. 

"T, v. D. 
fe) 0.00 iets 
I 1.07 1.07 
2 2.15 1.08 
3 3.23 1.08 

(3) (3.23) ake 
4 4.03 0.80 
5 4.83 0.80 
6 5.65 0.82 


. YOUNG. 


1/9, Normal phenol. 




















T Vv. D. 
oO 0.00 o-0 
I 1.35 1.35 
2 2.65 1.30 

(2) (2.65) aa 
3 3.90 1.25 
4 §.05 1.15 
5 6.15 1.10 

1/49 Normal aniline. 
T. Vv. D. 
° 0.00 rer 
q 0.95 0.95 
2 1.90 0.95 

(2) . (1.90) a 
3 2.25 0.35 
4 2.60 0.35 
5 2.90 0.30 

1/49 Normal aniline. 

or, Vv. D. 
oO 0.00 wee 
I 0.80 0.80 
2 1.60 0.80 

(2) (1.60) re 
3 1.90 0.30 
4 2.20 0.30 
7 ; 2.50 0.30 

1/49 Normal pyridine. 

? Vv. Dp 
fe) 0.00 ae 
I 1.60 1.60 
2 3.10 1.50 

(2) (3.10) is 
a 4.30 1.20 
4 5-30 1.00 
5 6.35 1.05 

1/9) Normal KCN. 
oe v. ny, 
fe) 0.00 sa 
I 0.80 0.80 
2 1.60 0.80 
3 2.42 0.82 

(3) (2.42) $s 
4 2.74 0.32 
5 3.15 0.41 
6 3-52" 0.37 
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Tho Normal ethyl alcohol. 7ho Normal ethyl alcohol. 

T. v. a v. v. D. 
fo) 0.00 fo) 0.00 see 
I 2.30 2.30 I 0.45 0.45 
(1) (2.30) : 2 0.90 0.45 
2 5.80 3.50 3 1.35 0.45 
3 8.70 2.90 4 1.80 0.45 
4 11.45 2.75 (4) (1.80) vies 
5 13.80 2.35 5 2.80 1:00 
6 15.50 1.70 6 3.55 0.75 
| 4.25 0.70 
8 5.00 0.75 


A single test was also made with mannite which retards the 
reaction to a considerable extent, but as the concentration of the 
mannite used was not known, figures are not given. The exper- 
iments were carried out in the same way as those with metallic 
salts, and the numbers in parentheses indicate the point at which 
the foreign substance was added. In most cases where experi- 
ments with two concentrations were made they were both made 
in the same solution, the effect of the foreign substance in the 
more dilute form being first observed, after which a second por- 
tion of the foreign substance was added sufficient to give the 
solution the greater concentration. Thus the figures for greater 
concentrations do not give a really fair idea of the total influence 
of the foreign substance, because the oxidation rate in such cases 
had already been considerably influenced by the previous small 
addition. Further no attempt was made to determine accurately 
the concentration of the foreign substances added, although the 
values are probably correct to within 5 per cent. There was no 
object in attempting greater accuracy, because the initial rates could 
not be controlled to within less than from 50 to 100 per cent. 

Finally there remains to be related the results of a series of 
experiments made with hydrogen sulphide. A solution of hydro- 
gen sulphide was prepared in the usual way and diluted with 
thoroughly boiled water to the concentration desired. One cc. of 
such solution -was added to stannous chloride solutions during the 
progress of their oxidation. Since always 20 cc. portions of stan- 
nous chloride solution were used, the concentration of the stan- 
nous sulphide formed in the whole solution could be calculated 
readily, on the assumption that the reaction 

SnCl, + H,S = SnS + 2HCl 
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is a complete one. In Table VII are given the results of such 
determinations. The first column gives the concentration of the 
stannous sulphide in the solution. The second column gives the 
rate of oxidation in cubic centimeters of oxygen per minute before 
the addition of the hydrogen sulphide. The third column gives 
the value of the same a/fer addition. The fourth column gives 
the ratios between the third and the second columns; 7. ¢., the 
number of times faster the reaction goes after than before the 
addition. 

The concentrations in the first column are given in terms of 
normality of hydrogen sulphide, considering this substance to be 
a monobasic acid. 





TABLE VII. 
x. 2 3. 4. 
Cus Rate before. Rate after. pate ofer 
ce. cc. 

tooo «(ON 1.30 11.50 8.80 
sov0s N 0.73 7.40 10.00 
toosos N 1.35 5-79 4.20 
zod00 N 1.00 3-50 3-50 
soopo0 N 1.00 1.30 1.30) 
Sssobo0 N 1.20 1.45 1.205 


It will be seewthat we have here a case of enormous accelera- 
tion of the rate of reaction due to exceedingly minute concentra- 
tions of the accelerating agent. For the greatest concentration 
given (;qyy normal) the rate is lower than for a fifty-times 
more dilute solution. This is possibly due to the fact that in this 
case the stannous sulphide precipitated out in fine particles of the 
black form,while in the others (where visible at all) it was in the 
form of the colloidal, brownish sulphide, which separated only 
very slowly from the solution. 


DISCUSSION OF THE RESULTS. 


It is evident from the results in Part II of this paper that we 
have in the reaction between stannous chloride solutions and oxy- 
gen, a reaction that is exceedingly sensitive to the influence of 
catalytic agencies. It is not my purpose to enter into any con- 
siderable discussion of these results here. Such discussion would 
be practically useless at this time, and a further investigation of 
the whole matter is what is most necessary. I merely wish to 
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call attention to what few relationships may be found between 
these results and the results of previous investigators. As has 
been seen, a very considerable number of the reagents examined 
decrease the rate of the reaction ; 7. ¢., act as negative catalysors, 
while others accelerate. As negative catalysors we find : Salts of 
manganese and chromium (not very active), some constituents of 
tobacco smoke and extract, brucine, morphine, nicotine, mannite, 
aniline, and potassium cyanide. As positive catalysors were 
found : Rubber, sulphur, hydrogen sulphide (stannous sulphide), 
salts of iron and copper, and alcohol. Pyridine and phenol do 
not exert a sufficiently strong influence to allow any decided con- 
clusion to be drawn as to their action at present. Mannite acts 
negatively, but how strong its action may be is not yet deter- 
mined. 

Taking up the negative catalysors first, it is to be remarked that 
Bigelow’ found considerable variations in the rate of oxidation of 
sodium sulphite by air, some of which (impurities in the air, etc.) 
could be at least partially controlled. His results as to the action 
of mannite, which was the most carefully studied agent, seem to 
be comparable to the results stated above. It will be noticed that 
most of the negative catalysors which I have found are poisons. 
This may very likely be due to the fact that nothing much but 
poisons were studied. The action of the alkaloids was investi- 
gated because of the accidental discovery that tobacco smoke was 
a very active agent. It is quite likely that this negative cata- 
lytic action upon the reaction is in no way characteristic of poisons. 
It is, however, to be remarked that Bredig and Miiller von Ber- 
neck’ found that poisons were often very active agents in destroy- 
ing the catalytic action of colloidal platinum solutions. 

Among the positive catalysors are found salts of copper and 
iron. These are already known as strong agents in this respect. 
The appearance of alcohol among these accelerators is quite 
anomalous. One would naturally expect that its influence in 
pushing back the dissociation of the solution would cause it to 
retard the reaction. But if it pushes back the dissociation 
it will also push back the hydrolysis and might thus hasten 
the reaction. The value for its influence, however, is so large 


1 Ztschr. phys. Chem., 26, 493. 
2 Jbid., 31, 258. 

















146 Ss. W. YOUNG. 


that it seems to me likely that its action is due to wholly other 
causes. Bigelow’ found alcohol to retard the oxidation of sodium 
sulphite in a high degree. 

The three remaining accelerators—rubber, sulphur, and hydro- 
gen sulphide—all contain sulphur. The first two exert their 
influence upon the solution only after long standing, while hydro- 
gen sulphide acts immediately. 

These facts allow of a formulation of a working hypothesis, by 
means of which the action of all three may be ascribed to a com- 
mon agent, vzz., stannous sulphide. Stannous sulphide is formed 
when hydrogen sulphide is introduced into a solution of stannous 
chloride. If we consider that the reaction between water and — 
sulphur is an appreciable one, v7z., 

2H,O+2S 7S 2HS+0,, 
we can account readily for the formation of stannous sulphide 
through the action of either rubber or sulphur. This should be 
susceptible of experimental determination. 

It remains to be noted that Mohr, in his ‘‘Titrirmethode’’ (6th 
Ed., 1886), mentions the fact that, unless great care is taken to 
free arsenious acid from sulphur compounds, solutions of it 
oxidize with great rapidity in the air. The phenomenon appears 
analogous to the Sne observed with stannous chloride. 

From the results above given it would seem that a method 
might possibly be devised by means of which the oxidation rate 
of stannous chloride would be so reduced that it could be used 
directly as a solution for titration. If this were possible it would 
be of very considerable convenience for some purposes. The 
investigation of this point has been undertaken in the quantita- 
tive laboratory of this university. 


CONCLUSION. 
In Part I of this paper it is shown that the suggestion made in 
a previous paper’ as to the necessity of a strict definition of the 
reagents in a reaction before the velocity constant or the order of 
the reaction can be satisfactorily determined, is not without ground. 
The reaction between stannous chloride solutions and oxygen is 


shown to undergo an acceleration during the course of the reac- 
1 Loc. ett. 
2 Lac. cit., p. 364. 

3 This Journal, 23, 21. 
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tion which finds its simplest and readiest explanation in the push- 
ing back of the hydrolysis' by means of hydrochloric acid pro- 
duced by the reaction, and in possible catalytic action of reac- 
tion products. In solutions free (or as free as possible) 
from acid this acceleration is so great that an actual increase in 
the rate of oxygen absorption occurs during the first part of the 
reaction. It soon appears, however, that although the results of 
any one series of measurements are consistent within themselves 
and in certain ways also the results of different series are consist- 
ent with.one another (72. e., the ratios of initial value to end value 
of velocity constants are very approximately constant), neverthe- 
less the velocity constants for different series vary within very 
wide limits. This suggests the action of catalytic influences, and 
Part II is devoted to the detection and qualitative investigation 
of some of these catalytic agents. The way for further investi- 
gation is perfectly apparent. The first task will be to protect the 
stannous solutions from possible catalytic influences and to deter- 
mine, if possible, the normal values for the velocity constants of 
the reaction with varying concentrations of hydrochloric acid, 
after which the influence of the various catalytic agents will be 
open to quantitative investigation. 

The chief result of the work at present is, however, the devel- 
opment of an apparatus and a method by means of which reactions 
between liquids and gases may be readily and quantitatively studied. 

The main portion of this work was carried out in the labora- 
tory of the Physical-Chemical Institute, at Leipzig. 


STANFORD UNIVERSITY, 
December 11, 1900. 





DETERMINATION OF SULPHUR IN WROUGHT IRON AND 
STEEL. 


By GEORGE AUCHY. 


Received January 22, 1901. 
EVEN or eight years agoin four samples of high carbon 
steels sent to two firms of commercial chemists (same drill- 
ings to each) for analysis, the sulphur was reported as follows : 


Sample Sample. Sample Sample 
No. I. No. 2. No. 3. No. 4. 
Chemists A .....---e- 0.013 0.015 0.012 0.015 
« De cane cxered 0.002 0.001 0.003 0.002 


1 Kortright (Am. Chem. /., 17, 116) has called attention to the probable influence of 
hydrolysis in the reaction between SnCl, and FeCl;. 
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These results are interesting as illustrating the meagerness of 
our knowledge of our methods just a few years ago ; results such 
as these go to justify the sarcasm of the iron-master, who some 
years back declared that Ananias was the father of chemists. 

In the light of our present knowledge it is easy to guess that the 
results of Chemists B were obtained by the aqua regia method. 
At that time it was customary to precipitate by the addition of 5 
to 10 cc. of dilute barium chloride solution. This amount of pre- 
cipitant, although adequate for high sulphur steels, utterly fails 
when the sulphur is very low as in the above steels, except indeed 
the liquid after the addition of the precipitant be evaporated to 
near dryness ; but since the appearance of the third edition of 
Blair’s ‘‘ Chemical Analysis of Iron,’’ containing the recommenda- 
tion to precipitate with 1o cc. of saturated barium chloride solu- 
tion, it is extremely unlikely that such results as the foregoing 
have occurred. 

But there is another source of error in the case of irons and low 
carbon steels which dissolve readily in concentrated nitric acid, 
well worth noting, but not spoken of in the text-books ; this 
source of error is the escape sometimes of the sulphur during solu- 
tion in strong nitric acid. The following results illustrate how 
great the error may be from this cause : 

@ 


By aqua regia method. 





As usual. Very slow solution. 
No. Per cent. Per cent. 
Tron 2456 «-+-++ e+e 0.006 0.012 
{ 0.006 
6 2458 ovis eiee6e ¢6 1 0.010 0.009 
“ Pibaideeanes 0.018 0.031 
s 2 cvedvs ose 0.017 0.030 
a % ceisome sie us 0.010 0.017 
fe G secccccece 0.019 0.019 
6 245Q oceccecees 0.006 0.015 


For the results in the second column, solution was made very 
slowly by adding the acid very gradually, and while heating 
removing from the source of heat at the first appearance of red 
fumes, replacing after an interval, again removing at appearance 
of fumes, and so on, at no time allowing decided action. 

In evolution methods a very important source of error is the 
escape of a part of the sulphur in combination with carbon. 
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This is a fact very well known, but almost universally ignored. 
In the following table of results the evolution method used was 
the cadmium chloride volumetric. The results of the last column 
were obtained in the laboratory of a large steel works. The drill- 
ings, however, were not the same as those the writer worked on, but 
were obtained from the same or nearly the same spot of the iron, 
and the results, although not strictly comparable with the writer’s, 
nevertheless serve to show in a general way that the evolution 
method as carried out by the writer is not attended with any un- 
usual source of error leading to low results, and that the error in 
question is a usual and common one. 

In my determinations, after complete solution, the liquid was 
boiled till the cadmium chloride solution (in a Troilius bulb) was 
brought to a boil, then the flame lowered and after an interval of 
gentle boiling the hard boiling repeated as before.’ 


By aqua regia method, By evolution Another chemist’s 
slow solution. method. results. 
No. Per cent. Per cent. Per cent. 
Iron 2458.....-.. 0.009 0.010 
Se Teeeeees 0.031 0.019 0.013 
es Qeeeeees 0.030 0.018 0.012 
s Beceeeee 0.017 0.009 0.012 
{0.018 
oe 
eeccees oO. ° 
4 0.019 020 0.014 
ef Secceces 0.022 0.023 0.026 
ee “er 0.018 0.013 0.014 
- Tosseees 0.019 0.014 0.014 
a 8....6-- 0.020 0.016 0.015 
ee Qreceees ovibe 0.014 0.013 
ae SOc ee es 0.021 a " 0.015 
n IIeseese+ 0.019 0.016 0.013 
oO. 
hy I2ecce cee ae poe 0.014 0.014 
Steel 271I ---+-+ 0.034 0.022 tees 
‘© A eeeeseees 0,018 0.018, (by another chemist). 
£O  Ybc vicioes ces 0.020 0.020,. ** _ es 


Steels A and B are crucible steels containing about 0.02 per 


1 At one time the writer suspected that the low results by the evolution method were 
due simply to insufficient boiling, and as boiling in the way described above brought higher 
results and results agreeing fairly well with the results by the aqua regia method this sus- 
picion was apparently confirmed, but the rubber tube in use at that time was the white, 
or vulcanized kind, and it was later found that the steam carried over sulphur from the 
rubber tubing, apparently as hydrogen sulphide, for ina blank testa considerable yellow 
precipitate was seen to form. 
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cent. sulphur by the aqua regia method. Five different samples 
of this kind of steel tested by a commercial chemist, using the 
evolution method, gave about 0.013 per cent. sulphur, which is 
what the writer also obtains in these steels by that method. 
At these works the malleable iron used for making crucible 
steel is bought under a guarantee not to exceed 0.016 per cent. in 
sulphur. An accurate method of determination is plainly to be 
desired. 

From the above table it seems that sometimes the evolution 
method is accurate and sometimes not; it is impossible, therefore, 
to find a correction that will be a true one in all cases and the 
practice common in western Pennsylvania of standardizing the 
iodine solution against a standard steel of the same kind as those 
to be worked on must also fail at times, although it is perhaps 
not unlikely that the error is more regular and constant with 
steels than with irons. The best that can be done seems to be to 
note the greatest error in a series of tests and use one-half this 
error asa correction. According to this plan the writer, when 
using this method, increases his results one-fourth ; thus, for 
instance, 0.2 per cent. is called 0.025 per cent., and 0.012 per’ 
cent. is made 0.015 per cent. ‘This, of course, is far from satis- 
factory, but seems to be the best that can be done with the 
method. il 

A difficulty in the aqua regia method is the contamination of 
the barium sulphate with iron oxide when the precipitation is 
made in solution not containing much free acid. Professor J. O. 
Arnold (steel works analysis) meets this difficulty by making the 
precipitation in the cold, but a precipitation made by the writer 
in this way gave a very low result, showing that precipitation 
in this manner cannot always be relied on as complete. Precipi- 
tating as directed by Blair, but with 5 cc. only of strong hydro- 
- chloric acid present in the liquid while preventing ferric oxide 
contamination, brought results 0.004 to 0.008 per cent. (generally 
the latter) too low, but it was found by many experiments that 
with this amount of acid (5 cc.) present, and with one-half hour’s 
boiling (and standing over night), the precipitation is at least as 
nearly complete as by the Blair procedure and no ferric oxide con- 
tamination ever occurs, although in both methods the precipita- 
tion israrely absolutely complete as may be found by evaporating 























ALLOYS MADE IN THE ELECTRIC FURNACE. 151 


the filtrate to first appearance of a scum, taking up with a little 
hydrochloric acid and water and filtering, carrying the blank, or 
dummy, test to thesame length. Sixty-two tests (5 cc. free acid, 
one-half hour’s boiling) showed as follows : 


Number of tests in which precipitation was complete...- .--.-++++++++- 9 
. “ce #6 9,001 to 0.002 per cent. was found in filtrate 34 
oe “ce “ec “ce “cc 0.003 to 0.004 ee “ce “ce “ce “ Il 
“cc “ee “e “ee “ce 0.005 to 0.008 “e ce “ce Lad “cc 8 


In these losses are included also the barium sulphate dissolved 
by the hydrochloric acid wash used to free the precipitate from 
iron. 

In these tests the sulphur percentage ranged from 0.015 to 0.09 
per cent. Theamount of sulphur unprecipitated does not depend 
upon the total amount—may be little in high sulphur steels and 
vice versa. Soit is advisable in all cases to make a plus correction 
in the result of at least 0.002 per cent. 

In Blair’s ‘‘ Chemical Analysis of Iron’’ the warning is given 
that the use of aqua regia in dissolving the drillings seems to 
result in loss of sulphur. Nevertheless it is necessary to use some 
little hydrochloric acid in the case of high carbon steels toward the’ 
end to effect complete solution. The following results obtained 
in the regular course of work were suspected of being low and the 
determinations were repeated, using the hydrochloric acid more 


sparingly : 
Repeated, using HCl 


First determination. more sparingly. 
No. Percentage of sulphur. Percentage of sulphur. 
609 «++ ee ceeeee cece 0.005 0.013 
GES ss ccantien ened ace 0.004 o.cII 
BIG oo ee cece cece cee 0.014 0.020 


LABORATORY OF HENRY DissTon & SONS’ STEEL WORKS, 
PHILADELPHIA, PA. 





[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEMISTRY, 
No. 55.] 
ALLOYS [ADE IN THE ELECTRIC FURNACE, 


By LEwIs P. HAMILTON AND EDGAR F, SMITH. 


Received January 14, 1901. 

URING the past year various alloys were made by us. We 

desire here to give a sketch of the furnace in which they 

were produced, and also to briefly describe the products, as they 
possess interest and perhaps value. 

15-23 
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THE FURNACE. 


The + carbon ais of convenient length and 2 cm. in diameter ; 
the— carbon 4 is 1.5 cm. in diameter, while c represents a 
No. 1 Dixon graphite crucible, which has an interior width of 
5 cm. and a depth of 7 cm. It wasplaced in d, a second graphite 
crucible, 1 decimeter across the top. The space, e, between the 





+ Carbon 




















two crucibles, was filled with magnesia. g is one of two carbon 
plates, 1.5 cm. in thickness, which served as a cover. 

It is absolutely necessary that the carbon, 4, should make a good 
contact with the crucible, c, to avoid the formation of an arc at 
their juncture which would destroy the crucible. The carbon is 
inserted in the crucible at about 3 cm. from the bottom. To 
obtain products free from carbon, ¢ is lined with magnesia. 


OPERATION. 


The material to be melted was introduced into the crucible until 
it was about even with the carbon, 4, and then the arc was started 
between the two poles by means of a thin pencil of carbon. The 
crucible was next covered in part by g and the remainder of the 
material was introduced from time to time until 150 to 200 grams 
had been added. The cover, g, was then adjusted and the current 
allowed to run for a while longer. The full period of action was 
usually ten to fifteen minutes. 
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The current used in the fusions equaled from 145 to 165 am- 
peres, and from 25 to 70 volts, although the average voltage was 35. 
ALLOYS. 

1. This first alloy contained copper, tungsten, iron, and gangue. 
It was made by fusing together commercial copper and a tungsten 
matte which had been previously obtained by reducing the min- 
eral wolframite in the furnace with carbon. It was lighter in 
color but very much harder than ordinary copper ; indeed, it 
proved to be the hardest of the copper alloys. Its specific gravity 
was found to be 7.98. Its analysis showed 66.88 per cent. of 
copper, 23.03 per cent. of tungsten, 5.74 per cent. of iron, and 
5.04 per cent. of gangue. 

2. A matte of titanium was first prepared by reducing 100 
grams of rutile with 15 grams of carbon and fusing the product 
with copper. The alloy had a brass-like appearance ; it was 
tough but not so hard as the preceding product, and its specific 
gravity equaled 7.616. It gave, upon analysis, 90.98 per cent. 
of copper, 3.12 per cent. of titanium, 3.51 per cent. of silicon, 
and 2.08 per cent. of carbon. 

3. The mineral columbite was reduced with carbon in the fur- 
nace, and the resulting matte then fused with metallic copper. 
The product did not differ in appearance very much from metallic 
copper. Its specific gravity was 8.38. 





ANALYSIS. 
Per cent. 
Copper... -eeeee ccecee cence 95.01 
Cb,O, + Ta,O, «-+- eee eee eee 2.01 
Gangue..oseerecececececeeces 2.57 
99-59 


4. Metallic copper and a molybdenum matte were fused together. 
The alloy, grayish red in color, was much harder than copper, 
but not so hard as the alloy of copper and tungsten. Its specific 


gravity was 7.934. 


ANALYSIS. 
Per cent. 
Copper CNeCG ES HAE ebeeee whee 78.5 3 
Molybdenum .........+++-++- 8.53 
Feihc 0+ 0000 cenens seen eanceees 2:71 
CarbONn .ccccccccccecccesceses 2.42 
Gangue...- see ceeecceeeseece 8.02 





100.21 
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5. Chromium oxide and metallic copper were fused in a carbon 
crucible. The product was gray-red in color, and in hardness 
stood next to the alloys containing tungsten and molybdenum. 
Its specific gravity equaled 8.3146. 





ANALYSIS. 

Per cent 
Copper ++. eeeeeece cree ceeece 88.18 
Chromium. ooo. cccs cvccdc cscs 3.22 
DIAC sa ciara aah io am erede hs 0.03:6 1.35 
CAPDON 00 cc ccc ccs cccecececces 2.38 
Gangue..-eeeceeecececscceees 4.13 

99.26 


6. A tungsten matte was fused down with equal parts of metal- 
lic copper and aluminum, giving an alloy yellow in color, which 
showed the following composition : 





ANALYSIS. 
Per cent. 

Copper Chas oend aden. cpus tee e-en 34.11 

RI AAETIAUMINA 0) 6:50.40 -6:6.0590:0 4-8 04:0 24.89 

Tungsten ..2+.ceeeeee econ rees 32.67 

BURT eo 0066 8506 Ceaeed bese aes 2.12 

Gangue siiiehibw-oMewiae <eeRe ease 6.56 
100.35 


7. Ten grams of metallic iron, 10 grams of titanium matte, 
and 10 grams of commercial metallic tungsten were fused together. 
Six to8 grams of ferric oxide were added during the fusion. 
The product was steel-gray in color, of specific gravity 6.707, and 
gave the following : 





ANALYSIS. 
Per cent. 
BMG, ACR vis eee e 4 aes ene kee oe ks 82. 15 
RMI SS 8s Bodine 0:0 bo b'etes 7.28 
Tungsten .... 202 secceseseces 1.66 
Gangue...-+.sceesececeseeees 6.63 
ML iu ak 505 0640 vee eneueee 2.30 
100.02 


8. An alloy of iron, chromium, and titanium was made precisely 
like the preceding example. It was steel-gray in color with a 
very distinct fracture, and the specific gravity 6.464. 
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ANALYSIS. 
Per cent. 
Teethiiadad Hive vadvndeevétewone 76.41 
Chromista so oe SSS oc ee edie ccs 16.29 
Veet cds estidd ds cdo seen ss 2.47 
Co ee ee eee ee ee 2.39 
Cees biicmuntsys oka uemees 3.14 
100.70 


By greatly increasing the quantity of chromium in the fusiona 
product was obtained which had the following composition : 





ANALYSIS. 
Per cent. 
TrOme cccccccrccccccccccvcccce 53-03 
Chromium.....-ecccesscccees 40.37 
WUE oo. oh ta ce bea seo eee 2.65 
Gangue re ee ee ee 4.33 
100.38 


g. The matte resulting from the reduction of 100 parts of colum- 
bite and 15 parts of carbon, in the electric furnace, was fused 
down with an excess of metallic iron. The product was brittle 
and steel-gray in color. 





ANALYSIS. 
Per cent. 
Cobrisisl inl ss oo oi ce Soe views 59.76 
Panteih ics «v6 otic dt weeelcsieeds 18.77 
FOO bs sti cb od coitennés ed wasqwe 15.73 
Gangue....sseecccsscceccsoes 5.12 
Tungsten ......-...6 Koaie we 0.63 
100.01 


10. A matte of columbium and tantalum, a matte of titanium 
from rutile, and an excess of metallic iron were fused in the fur- 
nace and yielded an extremely hard, gray-colored alloy, which 
analyzed as follows : 





ANALYSIS. 

Per cent. 
POG 6c tsi dadddiee. eideececses 80.03 
COLGAN oo: 6 0iccieetcicdincoues 10.15 
COMRADE. cba tae sondqacudews 2.91 
Bo ec pere ee 3.18 
Cec cct.ctwacececsace acae 1.99 
CINGN i orc ceinsscedsdvedece 2.14 

100.40 


UNIVERSITY OF PENNSYLVANIA. 








A COMPARISON BETWEEN THE BROISIINE AND IODINE 
ABSORPTION FIGURES OF VARIOUS OILS. 


By H. T. VULTE AND LILY LOGAN. 
Received January 9, 1901. 


N examination of the existing tables for the bromine and 
A iodine figures for the various oils discloses so many incon- 
sistencies and obvious inaccuracies that the need for a revision of 
these tables is apparent. Such a revision is offered as the result 
of the present investigation. The work has been very carefully 
carried out in accordance with the methods described below, and 
the figures given are the results of so many repetitions that there is 
comparatively little opportunity for error. 

In regard to the comparative accuracy of the two figures, the 
bromine absorption figure presents some decided advantages. 
Errors in the determination of this are largely due to faulty 
manipulation, while the iodine absorption is affected by many out- 
side circumstances, such as change in temperature, during the 
much longer time required for the operation. Furthermore, in 
the case of bromine, loss from substitution can be readily deter- 
mined by the use of potassium iodate, while, in the case of iodine, 
this test is of comparatively little value. On the other hand, 
substitution is much more likely to occur in the case of bromine, 
which offsets, to“’ great degree, the objections to the use of 
iodine named above. 

The details of the methods employed in the present investiga- 
tion are as follows : 

1. Lodine Absorption Figure.—A solution of mercury bichloride 
and one of iodine were made up according to the original method 
of Baron Hiibl, that is, with at least one molecule of HgCl, to 
every 2 atoms of iodine. A solution of o.10 normal sodium 
hyposulphite was then prepared and standardized by means of 
potassium bichromate. Equal parts of the first two solutions 
were mixed together and allowed to stand for twelve hours in the 
dark before use. Thin Erlenmeyer flasks, having ground-glass 
stoppers with gutter between flask and stopper, were used for this 
operation. A weighed portion of the oil was dissolved in 10 cc. 
chloroform, 25 cc. of the previously prepared mixed Hubl solu- 
tion added, the flask sealed by filling the gutter with a solution 
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of potassium iodide, and the whole set away in the dark for 
twenty-four hours. A blank was run in connection with each 
determination. A solution of potassium iodide was then added 
in sufficient quantity to prevent precipitation, and the contents of 
the two flasks titrated with the sodium hyposulphite solution. 
The flasks should be frequently shaken during the titration, in 
order that the layer of chloroform may be gradually deprived of 
color, and a sharp end reaction may be had. When the opera- 
tion was nearly completed, a few drops of starch solution were 
added in order to obtain a sharper change in color. The starch 
solution should be added as late as possible in order to prevent 
carbonization. 


2. Bromine Absorption Figure.—The determination of this 
figure was carried out almost exactly as proposed by Dr. MclIl- 
hiney’ except that the wait before titration was increased to from 
twenty to thirty minutes. The end reaction is less sharp by this 
process than in the Hiibl determination on account of a yellowish 
tinge in the liquid which masks, to some extent, the disappearance 
of the starch blue. It is to be noted also that, bromine being 
more unstable in character than iodine, decomposition of the 
addition-product more readily takes place and, therefore, a return 
of the blue color is more likely to follow decolorization. On this 
account the determination of the substitution-figure should be 
hastened as much as possible. 

A table showing the results obtained with fifteen different oils, 
by the methods described above, follows. In this table the oils 
are given in the order of increasing divergence between the bro- 
mine and iodine figures. The oils examined are divided into five 
classes according to the characteristics which they present. The 
first class, comprising eight oils, shows so close an agreement 
between their bromine and iodine figures that it evidently makes 
but little difference in which way their addition-factor is deter- 
mined. In fact, reasoning from analogy, we may assume that 
this is true of all vegetable oils of simple constitution, together 
with whale and lard oils. 

Sperm oil, being a wax, is placed in a class by itself and, as 
might perhaps be expected, gives somewhat erratic figures. 

The class comprising rape and castor oils presents marked char- 


1 This Journal, 21, 1084. 
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acteristics. Jn the former oil, substitution seems to take place to 
a greater extent with iodine than with bromine; this is probably 
due to the greater length of time necessary to carry out the Hubl 
process. Traces of sulphur in rape oil, acquired during the pro- 
cess of manufacture, may also exert some influence upon the 
action of iodine on this oil. In the case of castor oil, the dihy- 
droxy group may set up an oxidation which would account for 
the difference observed between the two values. 

The complex structure of the three fish oils following, probably 
causes some absorption of bromine which is not direct substitu- 
tion, but which accounts for the greater bromine figure observed. 















Differ- Difference of 

Iodine calculated ence of nearest 

Iodine. from bromine. averages. figures. 
I. Olive oil ...... 79.70-80.40 80.31 0.26 0.09 
Cottonseed oil « 97.50 97-41-97 0.295 0.09 
Poppyseed oil . 127.98-128.55 128.37 0.055 0.28 
Linseed oil .--. 155.12-155.52 154.80 0.52 0.32 
Sw’t almond oil 90.53-89.64 90. 20-89.64 1.08 0.33 
Peanut oil..... 100.71-100.76 101.26 0.523 0.50 
Whale oil. -.. 128.00 127.45-127.38 0.585 0.50 
Lard oil....... 76.99-77.36 76.03-75.88 1.22 0.96 
II. Sperm oil...... 79.95-79.76 82.39-82.08 2.422 2.13 
III. Rape oil..... if 103.69-103.37 99.03-98.56 4.60 4.17 
Castor oil ....- 86.32-87.15 78.74-78.71 8.01 7.58 
IV. Seal oil ....-. 93-31-93.99  103.09-103.74 9.765 9.10 
Cod-liver oil... 122.09-122.79 132.86-132.18 10.08 9.39 
Menhaden oil.. 176.5-175.65  186.94-186.86 10.825 10.36 
V. Resin oil....-. 59.67-58.95 10.60-10. 26 48.845 48.35 


Examination of numerous samples of many different oils would 
probably disclose some regularity of action, and might lead to the 
formulation of some rules and tests for the detection of oils, either 
in combination or separately, from the relation between their bro- 
mine and iodine figures. For example, the presence of menhaden 
oil in linseed oil could be easily detected in this manner. 

The following table gives the substitution figures of all those 
oils tabulated above which show themselves at all capable of form- 
ing substitution products. It will be noticed that only six out of 
the fifteen oils figure in this table. 
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Total bromine. Addition figure. Substitution figure 
Cod-liver oil........ 85.16-84.67 84.52-84.09 0.63-0.58 
Average......s- 84.91 84.305 0.605 
Menhaden oil....... 120.10-120.30 118.88-118.93 1.22-1.27 
Average..+.+e-- 120.15 118.905 1.245 
Sweet almond oil..-- 59.54-59.15 57-38-57.02 2.16-2.13 
Average.-....... 59.345 57-20 2.145 
Sperm oil ..-.-.+e6. 54.61-54.56 52.41-52.21 2.20-2.34 
Average-.-.+++. 54.585 §2.31 2.27 
Castor oil ........4- 52.62-52.80 50.09-50.07 2.53-2.73 
Average-...- «- 52.71 50.08 2.63 
Resin Oil. .......+6- 108.67-109.23 6.74-6.47 IOI.93-102.76 
Average....+.+. 108.90 6.605 102.345 


As will be seen upon examination, the foregoing table gives 
results differing widely from those of other experimenters. In 
cases where the substitution is small this is probably due, in part 
at least, to experimental error, as great care is necessary in the 
conduct of the operation. Errors are titrated for, along with sub- 
stitution, and the result obtained is compounded of these two 
items. In connection with this investigation, the recent article 
of Marshall’ on the ‘‘ Iodine Value of Oils’’ should also be noted. 

Attention should also be called to the fact that several of the 
oils examined above were somewhat rancid and it is probably due 
to this fact that sweet almond oil shows substitution. 





THE USE OF METALLIC SODIUF1 IN BLOWPIPE ANALYSIS, 


By CHARLES LATHROP PARSONS. 


Received January 8, 1901. 

HE use of sodium carbonate to assist the action of the redu- 
cing flame has long been customary in blowpipe analysis, 

and is adopted by all text-books on the subject. The reducing 
action is partly due to the formation of sodium cyanide but 
more largely to the formation of gaseous sodium and carbon 
monoxide. At best its action is slow and nothing more se- 
verely tests the skill of the beginner than the attempt to obtain 
a button of metallic tin from cassiterite, or the sulphur reaction 
from gypsum. In general it is much more difficult to reduce an 
oxide or sulphide before the blowpipe, than it is to cause the 
opposite reaction to take place by means of the oxidizing flame. 
1 J. Soc. Chem. Ind., (1900), p. 213. 
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Therefore, if the assay is not kept in the reducing zone of the 
flame a reoxidation will almost certainly take place. 

The great reducing power of powdered aluminum has been well 
illustrated by Goldschmidt and Vautin,' and, although the fact 
that this property is possessed also by magnesium and sodium 
has long been known, W. Hempel’ seems to have been the first 
to propose the use of the latter as a reagent in qualitative analysis. 
Hempel calls attention to the ease with which reduction may be 
brought about by sodium, but states that it does not give satisfac- 
tory results on charcoal. He recommends that the sodium be 
flattened out upon an ordinary filter-paper, and after being mixed 
with the powdered substance folded once and then rolled so that a 
double layer of paper is between each layer of sodium. This roll 
is next enclosed in a spiral of iron wire, set on fire in a Bunsen 
flame and cooled in the unburned gas below. It is next triturated 
with water in an agate mortar, and the residue carefully examined. 

I have found these details to be quite unnecessary and that the 
reaction takes place with the greatest ease upon charcoal. To 
the operator who has been used to the much more tedious reduc- 
tion with sodium carbonate the quickness and certainty of the 
results are almost startling, and the reduction takes place with 
silicates, chloride$, carbonates, borates, sulphates, sulphides, etc., 
with as much ease and accuracy as with the oxides themselves. 
The method is extremely simple. 

A small piece of metallic sodium, not more than 3o0r 4 
mm. in diameter, is hammered out flat on some smooth sur- 
face. The substance to be reduced is powdered and spread upon 
it, pressed into the metal with the hammer and the whole turned 
and kneeded into a little ball with a knife blade. It is then 
placed upon a slight depression in a piece of charcoal and ignited 
with a match or the Bunsen flame. A momentary flash ensues, 
and the reduction is accomplished. The residue is now heated 
before the blowpipe, and as the sodium oxide and hydroxide 
immediately sink into the charcoal, any fusible metallic particles 
collect easily into a button and may be recognized in the usual 
manner. Volatile metals, like zinc, oxidize and yield with sur- 
prising readiness their characteristic coatings and on digging up 


1 J. Soc. Chem. Ind., 17, 545. 
2 Zischr. anorg. Chem., 16, 22. 
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a little of the charcoal, moistening with water and placing upon a 
silver coin, the ‘‘ Hepar’’ reaction is obtained if sulphur was 
present in any form. It is perhaps superfluous to add that this 
last reaction is certain in its conclusions only when carried out 
upon a piece of charcoal uncontaminated by previous tests. 

Applied to minerals the method yields results, but little less 
certain than when pure salts or oxides are reduced. Galenite 
yields at once a button of lead which in the oxidizing flame gives 
the lead coating without a trace of the white coating of sulphate 
which ordinarily results. Garnierite gives a residue of silicon and 
magnetic nickel to which the bead test can be immediately applied. 
Chrysocolla and cassiterite yield buttons of copper and tin 
respectively as readily as a button of lead is obtained from cer- 
usite. Even chromite is immediately reduced, and if the residue 
is powdered the iron may be quite largely separated from the 
chromium by meansofthe magnet. Barite, celestite, and gypsum 
show with ease the sulphur reaction and the residue if moistened 
with hydrochloric acid gives the flame tests far more rapidly than 
if applied to the powdered minerals. In general the method is 
applicable whenever reduction can take place and whenever the 
reduced material yields characteristic reactions more readily than 
the mineral itself. 

The metallic sodium does not need to be kept under naphtha 
but may be supplied to a class in small rubber-stoppered wide- 
mouthed bottles. A lump of sodium two or three centimeters in 
diameter will keep for months in this manner with only superfi- 
cial oxidation. It must, of course, be carefully kept away from 
water or moisture. In rolling up the sodium and substance to be 
reduced into a ball, the metal should not be touched with the 
fingers for with one or two of the more easily reduced oxides or 
sulphides, the reaction sometimes begins spontaneously. This 
takes place quite readily with the peroxide of lead. Large quan- 
tities of sodium should be avoided or the reaction may become 
dangerously violent. 

From my experience in its use with classes during the last two 
years, I feel sure that sodium will soon be universally emploved 
as a reagent in blowpipe laboratories. 








ON HEPTANE FROM CONIFEROUS TREES. 


By W. C. BLASDALE. 
Received January 17, 1901. 


N 1879, Thorpe’ showed that the liquid at that time sold in 
San Francisco under the name of abietene, and there largely 
used as a cleansing agent and insecticide, consisted of nearly 


| pure, normal heptane. This substance had been previously 


examined by Wenzell’, and was by him reported to be obtained 
by distilling the exudation of Pinus Sabiniana. At the present 
time this substance is not on the market, though certain abietene 
cough-remedies find a limited sale. These latter preparations 
were shown by Lemmon’ to be derived from Pinus Jeffrey. 

The occurrence of a normal hydrocarbon of the paraffin series 
as a vegetable product is of unusual interest and should be fully 
confirmed. The above facts would seem to warrant a reexam- 
ination of the exudations of the species named, as well as those 
of the other numerous Pacific Coast conifers. The difficulty of 
obtaining material in sufficient quantity and of unquestioned 
authenticity for such an investigation is a serious one, as many 
of the species yield only small amounts of such exudations, and 
many are difficult of access. The author hasbeen able at various 
times to collect small samples of such material, representing five 
different species, and has made such examination of these as the 
nature of the material would permit. The samples are described 
as follows: 

1. Pinus Jeffreyi.—Collected at Lake Tahoe from stumps of re- 
cently cut trees. The fresh material consists of aclear, white liquid 
of about the consistency of glycerine, and has a pleasant auran- 
tiaceous odor ; on standing, it rapidly thickens, loses its pleasant 
odor and eventually forms a hard, yellow colophony. On distilla- 
tion with steam the sample yielded about three per cent. of a 
mobile éolorless liquid. This distillate was purified by treatment 
with concentrated sulphuric acid, washed with water, dehydrated 
with calcium chloride and redistilled. The greater portion dis- 
tilled over between 96° and 98°, but some portions boiled as high 
as 112°, 


17. Chem. Soc., 3§, 297; Am. Chem. J., 1, 155. 
2 Am, J. Pharm., 4th series, 2, 97. 
8 San Francisco and Pacific Druggist, 1, 17. 
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2. Pinus Sabiniana.—Collected at the Hoopa Valley from 
incisions made in the trunks of the trees. The secretion closely 
resembles that of P. Jeffrey but is more viscous. It yielded about 
10 per cent. of a mobile distillate which was purified as that 
obtained from the previous sample. 

3. Pinus Sabiniana.—A sample of the hardened resin naturally 
secreted from the trunk and branches. It was collected in Lake 
County by Mr. W. H. Rees, and was treated the same as the pre- 
vious samples. 

4. Pinus Murryana.—Collected at Lake Tahoe from recently 
peeled, but still living, trees. It was of a light yellow color, a 
semisolid consistency, and had a pronounced turpentine odor. 
On distillation it yielded a liquid of pronounced terpene odor, 
most of which distilled over between 153° and 160°, but portions 
of it boiled as high as 180°. The former fraction was redistilled 
and the portion boiling between 158° and 160° used for the deter- 
minations enumerated below. 

5. Abies Concolor var. Lowiana.—Obtained at Lake Tahoe from 
the cavities in the outer bark. It isa light yellow oleo-resin 
which closely resembles Canada balsam (from Adies Canadensis) 
and could undoubtedly be used as the equivalent of it. It yielded 
20 per cent. of a terpene-like liquid, most of which distilled 
between 155° and 160°. 

6. Pseudotsuga Taxifolia.—The hardened natural exudation 
collected in Mendocino Co. On distillation, it. yielded about 9 
per cent. of a terpene-like liquid. On redistilling, the larger part 
passed over between 157° and 160° the remainder between 160° 
and 165°. 

In the following table are tabulated the results obtained from 
an examination of the distillates referred to above. Corrections 
for varying barometric pressure, etc., have not been applied since 
the small amounts of liquid obtained (from 8 to 20 cm.) 
did not permit of a satisfactory purification of the sam- 
ples. A comparison of the figures there reported with the 
numbers representing the normal constants of heptane on the one 
hand, and of the various terpenes on the other, gives sufficient 
evidence of the fact that both P. Jeffryz and P. Sabiniana yield 
normal heptane, while the other species mentioned yield terpenes 





ia een aaa Ne eee nen ae 


164 H. C. SHERMAN AND J. F. SNELL. 


similar to those obtained from other coniferous trees. The exact 
character of the terpenes present can not be determined from the 
data presented. 





Index of reac- Specific | Vapor- Iodine 
Sample No. Boiling-point. Sp. gr. at15°. tion at15°. rotation. density. absorption, 


eee 96°-97° 0.6863 1.3905 o se re) 
Dvvvece 96°-97° 0.6840 1.3887 +2’ +. fo) 

Zr cccee 97° 0.6860 1.3902 +3/ 3-54 oO 

4 seeee- 158°-160° 0.8640 1.4765 —I5° 23/ . high 
See 155°-160° 0.8578 1.4738 — 7° 9/ -- very high 
6 seeeee 157°-160° 0.8583 1.4754 —41° 12/ oe high 
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INTRODUCTION. 
HE accuracy? the rapidity of manipulation, and the moder- 
ate cost of the bomb calorimeters now in use, have made it 
practicable for chemists to employ the determination of heat of 
combustion (or calorific power) not only for the valuation of 
fuels, but as an aid to, or check upon, the chemical analysis of 
other organic materials. The comparison of the values actually 
determined by the calorimeter with those calculated for the con- 
stituents found by analysis has been used for some years as a 
check upon the accuracy of the analyses of foods and physio- 
logical products, especially by Atwater and his associates at 
Middletown, Conn., and by Wiley and Bigelow in the U.S. 
Department of Agriculture. 
It is evident that this method of checking the results of proxi- 
mate analysis can be applied in any case in which the calorific 
values of the determined constituents are accurately known. 


The determination of heat of combustion may also give direct 

1 A considerable part of the work here recorded was carried out in the laboratories of 
Wesleyan University for the privileges of which, as well as for the use of the bomb 
calorimeter employed, we are greatly indebted to Prof. W. O. Atwater. 
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aid in distinguishing between similar materials. Butter, having 
a relatively high proportion of fatty acids of low molecular 
weight, has a lower heat of combustion than lard or margarine 
and this fact has been utilized by de Schweinitz and Emory in 
testing the purity of butterfat.' This principle would evidently 
find little application among the fatty oils since they show little 
variation as regards the mean molecular weights of the fatty 
acids present. Neither is the heat of combustion greatly affected 
by the presence of unsaturated acids. Stohmann (using the 
chlorate method) found only a small difference between stearic 
and oleic acids and almost no difference between olive oil and 
linseed oil. 

However, it seemed likely, that, on the one hand, oils rich in 
hydroxy-acids like castor oil, and on the other hand, waxes like 
sperm oil or non-fatty oils like resin and petroleum oils, might 
differ sufficiently from the ordinary fatty oils to give some value 
to the determination of heat of combustion as one means of 
detecting mixtures of oils of these different classes. 

It occurred to us, moreover, that the oxidation which takes 
place when an oil ‘‘dries’’ must result in a loss of calorific 
power and that a measure of this loss might often be of more 
value than the simple determination of increase in weight. A 
lubricant consisting of a mixture of semidrying fatty oil with 
petroleum might show little or no change in weight on heating 
in contact with the air, the oxidation of the former oil being 
obscured by the partial volatilization of the latter. Since, how- 
ever, the volatilization of hydrocarbons by decreasing the amount 
of combustible matter would increase the loss of calorific power 
(calculated upon the original weight) it is probable that this 
determination would immediately indicate the objectionable 
nature of such asample. Even in the absence of hydrocarbon 
oils, the information obtained by determining the loss of calorific 
power on exposure may sometimes be of value in judging the 
quality either of an oil intended to ‘‘dry”’ or of a lubricant in 
which any such tendency is highly objectionable. 

In some drying experiments already made, in which oils were 
exposed at about 50° for forty hours, we have found a loss of 
calorific power amounting to over ten per cent. in the case of 


1 This Journal, 18, 174. 
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linseed oil, while lard oil subjected to the same treatment lost less 
than one per cent. The results, are, however, considerably 
affected by variations in the temperature employed and in the 
amount of surface over which the oil is spread. These condi- 
tions are still under investigation and the discussion of this sub- 
ject will be left for a later paper. ° 
We give below the heats of combustion of several samples of 
commercial oils with some consideration of the relation of this 
value to the analytical constants most commonly determined. 





THE HEATS OF COMBUSTION OF SOME COMMERCIAL OILS. 


With the exception of mineral oils intended for fuel,’ few com- 
bustions of oils appear to have been recorded. Berthelot’ quotes 
only the results obtained by Stohmann ;* vzz., two samples of lin- 
seed oil, 9488 and 9439 calories per gram; two of poppyseed oil, 
9597 and 9562; two of rapeseed oil, 9627 and 9759; and three of 
olive, 9467, 9458, and 9608. The determinations were made by 
the chlorate method and afterward corrected by dividing by the 
empirical factor 0.9857, which was derived from a comparison of 
the results obtained on solid animal fats by the two methods. 
Gibson,* who also used the chlorate method, found for olive oil 
9471, and for sfferm oil, 1ooo1 calories per gram. Wiley and 
Bigelow,’ while studying the calories of combustion of the con- 
stituents of cereals, made the following determinations upon oils 
extracted and purified in the laboratory: wheat oil, 9359; rye oil, 
9322; maize oil, 9280 calories per gram. Merrill® found the heat 
of combustion of a sample of cocoanut oil pressed in the labora- 
tory to be 9066 calories per gram. 

In addition to these oils a considerable number of ‘‘ ether 
extracts ’’ have been examined by Stohmann,' Wiley and Bigelow,* 
Atwater and associates (unpublished) and by Merrill.° The 


1 Poole, ‘‘Calorific Power of Fuels’’ (1898), pp. 238-240, quotes determinations of heat 
- of combustion of seversi samplesof mineral oils by various observers but without suffi- 

cient detail as to the methods by which they were obtained to enable us to compare them 
with those here recorded. 

2 “ Thermochimie,’’ Tome II, p. 565. 

3 See review article in Experiment Station Record, VI, 601. 

# Report of the Storrs (Conn.) Experiment Station for 1890, p. 190. 

5 This Journal, 20, 309. 

6 Bull. 65, Maine Experiment Station, p. 111. 

T Loc. ctt. 

8 Loc. cit. 

9 Loc. cit. 
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latter’s work upon the oils extracted from nuts included the 
determination of the more important ‘‘constants’’ and these 
would indicate that the samples examined did not differ greatly 
from the corresponding oils obtained by commercial methods. 

As a rule the heats of combustion of ether extracts have been 
found distinctly lower than those of the corresponding commer- 
cial oils, the difference being doubtless due to the presence of 
other ether-soluble substances. 

Our own work has been done entirely upon commercial oils, 
some of the samples being fresh and presumably typical, while 
others are known to be more or less altered by age and exposure. 


Apparatus and Methods Employed.—The heats of combustion 
were determined with a bomb-calorimeter of the Atwater- 
Blakeslee type.’ Accordant results for the hydrothermal equiv- 
alent of the apparatus were obtained (1) by calculation from the 
weights and specific heats of the component materials ; (2) by 
five combustions of cane-sugar, the quantity of heat liberated by 
the combustion being assumed to be 3959 calories per gram of 
substance burned ;? (3) by three combustions of benzoic acid, the 
heat liberated being assumed to be 6322 calories per gram.* 

The heats of combustion given in the table are the mean of 
two (or in some cases three or four) determinations. The average 
deviation of individual determinations from the mean was +0.12 
per cent. of the value found (about 11 calories). In only three 
cases did the deviations exceed + 0.25 per. cent.; véz., linseed 
oil III (No. 3), + 0.39 and — 0.31 per cent., petroleum III 
(No. 40) + 0.38 percent., and rape oil II (No. 18) + 0.30 pef cent. 

The results obtained with the bomb-calorimeter are, of course, 
heats of combustion at constant volume. To reduce these to 
heats of combustion at constant pressure it is necessary in the 
case of solid or liquid compounds containing only carbon, hydro- 
gen, and oxygen to add 


a ‘ 
(4p —@) 174 calories per gram, 


1 W. O. Atwater and O. S. Blakeslee: ‘‘Improved Forms of Bomb-Calorimeter and 
Accessory Apparatus,’ Storrs (Conn.) Experiment Station Report for 1897, p. 199. 

2 Average of the results of Berthelot and Vieille (three determinations): Ann. chim. 
phys., [6], 10, 458 (1887); Stohmann and Langbein (four determinations): /. prakt. Chem., 
[2], 45, 313 (1892); and Atwater and Tower (seven determinations): Unpublished. 

3 Identical average of the results of Longuinine (four determinations): Ann. chim. 
phys., [6], 13, 330 (1888); and of those of Stohmann, Kleber, and Langbein (four 
determinations): /. prakt. Chem., [2], 40, 128 (1889). 
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p being the number of atoms of hydrogen and g the number of 
atoms of oxygen in the molecule, 4/7 the molecular weight of the 
substance and 7 the absolute temperature of the calorimeter. 
The correcting terms for the principal constituents of oils at 20° 
C. were calculated from the elementary composition and from 
the results thus found we have estimated the following correc- 
tions for the oils included in this investigation: American petro- 
leums, 22 calories; sperm oil, 18 calories; castor oil and rosin oil, 
14 calories; all oils consisting essentially of glycerides of non- 
hydroxylated fatty acids, 15 calories. 

Method of Kindling the Samples.—The device employed to 
insure the ignition of the oil in the bomb is one which we have 
not seen described. The oil was absorbed upon a small amount 
of fibrous asbestos, such as is used in Gooch crucibles, con- 
tained in the small platinum capsule ordinarily used in combus- 
tions of solids, and was ignited directly by the electrically fused 
iron wire. ‘This method has proved perfectly satisfactory and is 
obviously more accurate than that of burning, with the oil, a 
quantity of kindling substance—such as a block of cellulose or a 
gelatine capsule. 

Determinatiog of ‘‘Constants.’’—The usual methods were 
followed. ‘The specific gravity was determined by means of a 
carefully calibrated Westphal balance. Free acid was dissolved 
by vigorous shaking with alcohol, titrated with tenth-normal 
alkali and calculated as oleic. For the determination of the 
iodine absorption, the solutions of iodine and of mercuric chloride 
were prepared separately and mixed only about twenty-four 
hours before use. The flasks used were similar to those described 
by Vulté and Gibson.’ About twice as much iodine was added as 
was expected to be absorbed and the whole allowed to stand in 
a dark closet at room temperature for eighteen to twenty hours. 
The determinations were usually made in sets of six to twelve, 
several ‘‘ blanks ’’ being run with each set. 

Description of Samples Examined.—1. Linseed oil from seed grown 
in Dakota. Prepared by crushing the seeds between rollers and 
pressing in hydraulic presses. This sample was obtained directly 
from the manufacturers, and from the description given by them 
it must have been less than six months old when examined. 


1 This Journal, 22, 457. 
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2. Linseed oil purchasedin open market. Origin unknown. 
Had been kept about two years in a dark closet in the laboratory. 

3. Linseed oil several years old. This sample had been kept 
for a long time in a bottle only partly filled, and had frequently 
been opened and exposed to diffused sunlight. 

4. Boiled linseed oil of unknown history. 

5. Poppyseed oil. This sample was several years old, but had 
been fairly well protected from light and air. 

6. Maize oil furnished by the Glucose Sugar Refining Com- 
pany. This sample came directly from the factory with the 
statement that it had been pressed from cooked corn germs, and 
had gone through no refining process, except that it was allowed 
to settle in a large tank before shipment. It was examined soon 
after being received. 

7. Maize oil purchased in open market and kept in a closed 
can for about three years. - : 

8. Crude maize oil of unknown history. 

9g. Prime summer-yellow cottonseed oil. 

10. Choice summer-yellow cottonseed oil. 

11. Choice summer-white cottonseed oil. 

Nos. 9, 10, and 11 were kindly furnished by the Southern 
Cotton Oil Company through the courtesy of their chemist, Mr. 
Geo. F. Tennille, to whom we are also indebted for the following 
statement : ‘‘ These oils are of undoubted origin, and were 
refined to a yellow by caustic sodaonly. The white oil was made 
from a choice yellow by bleaching with fuller’s earth and then 
deodorizing by a secret process.”’ 

12 and 13. Samples of crude cottonseed oil of unknown history. 

14. Cottonseed oil which had been kept in a partly filled bottle 
for some time. 

15. Very old sample of winter-yellow cottonseed oil, showing 
in marked degree the effects of oxidation, although, as its history 
is unknown, it may have been abnormal when fresh. 

16. Commercial sesame oil, about one year old. 

17. Commercial rape oil examined as soon as received. 

18 and 19. Commercial rape oils which had been in the labo- 
ratory for some years. 

20. Castor oil purchased from retail druggist. 

21. Castor oil of unknown origin, at least a year old. 














170 H. C. SHERMAN AND J. F. SNELL. 


22. Commercial peanut (arachis) oil, about a year old. 

23. Commercial almond oil, about a year old. 

24. Commercial almond oil, several years old. 

25. ‘‘ Best’’ commercial olive oil, about a year old. 

26. Olive oil of unknown origin, labeled ‘‘ special.’’ 

27. Refined menhaden oil. This sample was several years old 
but had been kept air-tight in a full bottle. 

28. Crude commercial menhaden oil, about a year old. 

29. Fresh ‘‘ Bergen ’’ cod-liver oil. 

30. Old sample of cod-liver oil; discolored; origin unknown. 

31. Whale oil believed to be entirely pure. The sample was at 
least twenty years old but had been kept well corked in a full 
bottle. 

32. Best commercial lard oil furnished us by Dr. A. G. Manns, 
chemist for Armour & Co. This sample was examined a few 
weeks after being received. 

33. Lard oil ‘‘ for lubricating,’’ about a year old. 

34. Commercial lard oil, four or five years old. 

35. ‘‘ Extra winter ’’ lard oil which had been kept in a partly 
filled can for about three years. 

36. Sperm oil obtained direct from makers. The sample was 
about ten years%ld but had been kept during most of the time 
in a well-stoppered bottle in a dark closet. 

37. A rather heavy rosin oil of unknown history. 

38, 39, and 40. Commercial petroleum oils intended for lubri- 
cating. 


Heat of com- 
bustion per gram. 
— 








Specific Iodine — _ 

gravity absorp- Free acid Constant Constant 

15-5 tion. asoleic. volume. pressure. 

No. Description of oil. 15.5 Percent. Percent. Calories. Calories. 
1. Raw linseed, I—1g00; fresh... 0.934 182.4 4.30 9364 9379 
2. Raw linseed, II—1808........ 0.938 175.9 1.22 9379 9394 
3. Rawlinseed, III—old........ 0.947 156.7 5.30 9215 9230 
4. Boiled linseed........--+--.. 0.953 150.7 7.40 8810 = 8824 
5. Poppyseed.-.-.-+eeeeeeee cece 0.926 129.6 2.66 9382 9397 
6. Maize oil, I—1g00......-. ++. 0.924 120.3 3.42 9413 9428 
7. Maize oil, II—1898........... 0.926 120.7 2.56 9436 9451 
8. Maize oil, II1I—crude......... 0.926 122.4 1.68 9419 9434 


g. Cottonseed, I—prime yellow-- 0.920 102.5 0.20 9396 9411 
10. Cottonseed, II—choice yellow 0.921 106.4 0.32 9401 9416 
11. Cottonseed, III—choice white 0.923 105.5 0.08 9390 9405 
12. Cottonseed, 1V,—crude ...... 0.927 103.2 2.28 9397 9412 
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‘ Heat of com- 

: ustion per gram. 
Specific todine pasha 
gravity absorp- Free acid Constant Constant 


45:5 tion. asoleic. volume. pressure. 
No. Description of oil. 15.55 Percent. Percent. Calories. Calories. 
13. Cottonseed, V—crudes....... 0.927 eee vee 9336 9351 
14. Cottonseed, VI—ratherold..-. 0.929 100.1 0.92 9323 9338 
15. Cottonseed, VII—old....-.... 0.941 93-7 2.03 9168 9183 
EG, SeQniie dsc ccecsnedsnseniinams 0.924 105.3 1.65 9395 9410 
17. Rapeseed, I...-.seeeeeceeeas 0.922 107.4 0.82 9489 9504 
18. Rapeseed, II....-...eeee eee 0.920 =108.6 0.68 9462 9477 
19. Rapeseed, III......-+.sseeee- 0.926 99.3 2.94 9412 9427 
20. Castor, Ie-eeeee seeeeeeeeeece 0.967 84.1 0.26 8863 8877 
21. Castor, II... ++ ccccsccccsccece 0.964 86.9 2.18 8835 8849 
22. Peanut (arachis) ........+... 0.917 105.9 0.16 9412 9427 
23. Almond, I..--..e-see eee eee 0.919 98.1 5-13 9454 9469 
24. Almond, II.....- cececccscces 0.931 89.8 7.00 93II 9326 
25. Olive, I -ccccescsceccccce ves 0.917 = 85.1 2.51 9457 9472 
26. Olive, II ..cccecccece cece cece 0.916 =78.8 0.40 9451 9466 
27. Menhaden, refined.........-- 0.935 aks 0.36 9360 9375 
28. Menhaden, crude.......-....- 0.934 + 1.92 9371 9386 
29. Cod-liver, fresh..-....+++ee- 0.927 165.6 0.56 9437 9452 
30. Cod-liver, old.....--.ssseeee- 0.938 137.3 1.50 9277 9292 
31. Whale .....ceceecceecccecces 0.924 126.6 0.60 9473 9488 
32. Lard oil, I—1900...-+ +++. eee 0.917. 74.3 074 9451 9466 
33. Lard oil, II—1899-.........+- 0.919 = 72.5 1.25 9447 9462 
34. Lard oil, III...-..sssee recess 0.922 = 72.9 2.64 9394 9409 
35. Lard oil, IV ...-... see eeeeee 0.924 69.3 2.34 9372 9387 
36. Sperm Oil... --.025 eee eeeeee 0.886 78.7 0.78 9946 9964 
37. Rosin Oil ...... seer eceecceoee 0.989 76.9 14.40 10145 I0159 
38. Lubricating petroleum, I..... 0.881 vee +++ 10797 10819 
39. Lubricating petroleum, II.-.- 0.897 ane sos 10753 10775 
40. Lubricating petroleum, III --- 0.905 see +++ 10682 10704 


It will be seen that the sperm, rosin, and mineral oils are con- 
siderably higher in calorific value than the fatty oils and that 
among the latter the values are slightly higher for the non-drying 
than for the drying oils. Castor oil shows an exceptionally low 
value, due doubtless to the presence of ricinolein instead of olein 
as the principal constituent. Boiled linseed oil shows a similar 
low heat of combustion. The ‘‘ choice summer-white ’’ cotton- 
seed oil does not seem to have been appreciably affected in iodine 
absorption or heat of combustion by the special refining process 
to which it has been subjected. 

The samples which are known to be old and whose specific 
gravities are high and iodine figures low, have in all cases given 
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rather low heats of combustion. The variations of the latter 
value are evidently more closely related to those of specific 
gravity than to those of iodine absorption or acidity. 

Oxidation induced by the action of light and air seems to have 
lowered the heat of combustion to almost the same extent that 
the specific gravity is raised, so that for oils of a given variety 
the product of these values is practically a constant unaffected by 
age and exposure. In the cases examined, this product is slightly 
higher for the drying than for the non-drying oils though the 
difference is necessarily less than that between the specific 
gravities. Among the ordinary fatty oils examined, the value 
of this product (large calories per gram specific gravity at 
15.5°) ranged from 8.80 in the case of raw linseed oil, II, to 8.63 
in the case of the peanut oil. Castor and boiled linseed oils show 
somewhat lower values. 

As compared with the ordinary fatty oils, this product is 
slightly higher for the sperm oil and considerably higher for the 
mineral and rosin oils. 

By dividing the heat of combustion by the specific gravity, a 
value is obtained which ranges from 10.0 to 10.3 in the fresh 
fatty oils examined (though lower in case oxidation has taken 
place) and is consi@trably higher in sperm oil and mineral oils 
(in the cases examined 11.2 for sperm oil and 11.8 to 12.3 
for the mineral oils). 

Thus, it would appear that a determination of heat of com- 
bustion (which can be accomplished in forty to fifty minutes), 
especially when considered in relation to the specific gravity, may 
be of value in the detection of mineral or rosin oils in fatty oils, 
or of fatty oils in sperm oil. 

Further experiments are now being made upon the relation of 
the specific gravity and heat of combustion with special reference 
to the effects of exposure to light and air. We hope to discuss 
later the more detailed applications of this method of studying 
the fixed oils, and, if possible, to extend it to the examination of 
essential oils. 


QUANTITATIVE LABORATORY, 
February, Igo1. 




















[CONTRIBUTION FROM THE LABORATORY OF THE UNITED GAS IMPROVE- 
MENT Co. ] 
THE QUANTITATIVE ESTIMATION OF HYDROGEN SUL- 
PHIDE IN ILLUMINATING GAS. 
By C. C. TUTWILER. 
Received February 20, 1901. 

N the manufacture of illuminating gas the importance of 
tracing the successive stages of purification of the crude gas 
from the time it leaves the retorts or water gas machine until it 
passes the purifiers is obvious, as by this means alone is it pos- 
sible to determine the efficiency of the purifying plant and of the 
character of the raw material used, as well asthe purity of the 
finished product. Tests on the purified gas are generally quali- 
tative and are all that is necessary, as in most cities perfect 
freedom from obnoxious constituents is required by legislative 
enactment. This is particularly true of hydrogen sulphide on 
account of its exceedingly injurious products of combustion. The 
usual qualitative test for this impurity consists in allowing the 
gas to be tested, to impinge upon a piece of moist lead acetate 
paper for a few minutes, any discoloration showing the presence 
of hydrogen sulphide. It is, however, of great importance at 
times to know the exact hydrogen sulphide content of the unpuri- 
fied or partly purified gas in order to ascertain the condition of 
the purifiers and the efficiency of the purifying material used. 
Where boxes are run in parallel it presents a ready means of as- 
certaining whether the work to be accomplished is equally distrib- 
uted oris being done wholly or in part by one set of boxes. In order 
to ascertain this, it is necessary to make determinations at the 
inlet and outlet of the purifiers, and to be of value they must be 
made at practically the same time, hence the necessity for a 

rapid method of making the analysis. 

The methods hitherto adopted in gas works have proved 
unsatisfactory on account of the slowness of the usual gravimetric 
estimations and the necessary manipulative skill required 
in making the determinations, besides a laboratory equipment 
not usually possessed by the smaller plants throughout the coun- 
try. It was to overcome these difficulties that the apparatus 
about to be described was devised. Its action depends upon the 
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well-known reaction between hydrogen sulphide and iodine 
according to the equation 
H,S + I, = 2HI + §S, 

hydrogen iodide and free sulphur being formed. Although the 
suitableness of iodine for estimating hydrogen sulphide in illumi- 
nating gas was suggested by Bunte many years ago, it seems 
never to have come into general use, due possibly to the great care 
necessary to obtain accurate results with a Bunte burette. The 


















































apparatus used in The United Gas Improvement Company’s Works 
is shown in the accompanying sketch. It consists of a burette pro- 
vided¥at top and bottom with three-way stop-cocks and communi- 
cating at the top through one of the outlets with a 10 cc. glass 
stoppered cylinder graduated into 0.1 cc. There are only two 
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graduations on the stem of the burette, one at the 100 cc. mark, 
the other, 50 mm. from the bottom stop-cock, dividing the re- 
maining space into two divisions of about 5 and 10 cc. respectively. 
A mercury leveling bulb is attached to the lower stop-cock at E, 
and the burette mounted ona stand asindicated. When analyses 
are to be made on crude gas a tar-arrester consisting of a wash- 
bottle containing cotton is placed between the gas supply and the 
burette. The manner of using the burette is as follows: 

Turn both stop-cocks so that A_and E communicate with the 
interior of the burette. Connect gas supply to A, or to M, if 
testing crude gas, and let gas flow through the burette and 
out at E fora few minutes, thereby displacing the air by the 
gas to be tested for hydrogen sulphide. Close the bottom of the 
burette by turning G so that E communicates with D. Close F 
and disconnect from the gas supply at A. Allow the burette to 
stand for a few minutes until the gas reaches the temperature of 
the surrounding atmosphere, which should be noted. Attach lev- 
eling bulb tube to E and raise the mercury bulb until the mercury 
passes into the stop-cock, G, thus removing air from the rubber tube 
and E. Turn the cock so that E communicates with the interior of 
the burette, and bring the mercury up to the 100 cc. mark, 
thereby compressing the gas in the burette. Close the lower stop- 
cock and open B to A momentarily, in order to bring the gas in 
the burette to atmospheric pressure. Open B to E and draw the 
mercury back to G, closing the stop-cock by turning so that E 
communicates with D. We now have 100 cc. of gas measured at 
atmospheric temperature and pressure, under a negative pressure. 
Place the clip on the rubber tube and remove the same from E. 
Take the burette from the stand and by opening B to A allow the 
partial vacuum to draw into the burette about 5 cc. of starch 
solution from a portion contained in a small beaker. Close the 
cock and fill the graduate with a standard iodine solution, noting 
the reading. Admit the iodine solution into the burette, gradually 
shaking between each addition of three or four drops. Continue 
until the starch paste assumes a permanent blue color. Note the 
reading on the graduate which, subtracted from the previous read- 
ing, gives the amount of solution used. This, being multiplied 
by the number of grains 1 cc. iodine solution is equivalent to, 
gives directly grains H,S per 100 cubic feet. 
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Suppose, therefore, that 5.2 cc. of iodine were required to give 
the blue color and 1 cc. = 100 grains, then the amount of hydro- 
gen sulphide would be 5.2 X 100= 520 grains per roo cubic feet. 

The strength of the iodine solution used is generally such that 
I cc. contains 0.0017076 gram of iodine per cubic centimeter. 
One cubic centimeter of this will then be equivalent to 100 grains 
H,S per 100 cubic feet of gas. 

Precautions.—The following precautions are necessary : 


(1) For very accurate work, the starch solution should be 
previously treated with just enough iodine solution to color it 
faintly. 

(2) The blue color must not be confused with the opalescent 
milky appearance given to the solution by the separation of free 
sulphur. 

(3) For very accurate work, introduce correction for tem- 
perature and pressure, bringing the gas to 60°F. and thirty 
inches. 

Extended use of the burette in our works has established its 
value beyond question as a quick and accurate substitute for the 
older methods. Very little skill is required in handling the appara- 
tus, no more than cay, be acquired in a short time by any one of 
average intelligence. It will readily be seen that any variation in 
the strength of the iodine solution introduces no error in 
a determination of the percentage of impurity removed by a given 
purifier ; for example, if it was found that single tests of the gas, 
before and after leaving a purifier, showed 500 and 400 grains of 
hydrogen sulphide per 100 feet respectively, assuming that 1 cc. of 
the iodine solution is equivalent to 100 grains, then the effi- 
ciency of the purifier is 20 per cent.; that is, it is removing 20 per 
cent. of the total hydrogen sulphide impurity. Ifa subsequent 
examination of the iodine solution showed that 1 cc. was equiva- 
lent to 110 grains of H,S, the calculations on this basis would 
still show that the purifier was taking out 20 per cent. of the 
hydrogen sulphide in the gas, for instead of there having been 
500 grains in the inlet gas, there would actually have been 550, 
and the outlet gas would have had 440, 110 grains having been 
removed or 20 per cent. of total content as before. Errors of 
manipulation common to both determinations are also eliminated. 
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Note.—Since the above article was admitted for publication, a 
paper has been read by Mr. Carroll Miller, of Newark, before the 
New England Association of Gas Engineers,’ giving in detail 
results of experiments on purification conducted with this 
apparatus. The employment of starch paste solution instead of 
mercury in taking the sample, is perhaps an advantage, as it is 
easier to handle and does away with the necessity in very exact 
work for drying out the burette after each determination. In 
using starch paste solution the burette is previously filled with the 
same, and the sample of gas taken by allowing the liquid to run 
out down to the too cc. mark, having previously purged the 
connecting hose with the gas to be analyzed. A question as to 
the accuracy of the apparatus brought from Mr. Miller the 
opinion that 15 grains of hydrogen sulphide per hundred feet of 
gas could escape detection. Before the apparatus was put on the 
market it was tested and found to be susceptible to as small a 
quantity as 3 grains per one hundred feet. 





ON TRITOLYLCHLORMETHANE. 


By M. GOMBERG AND O. W. VOEDISCH. 


Received January 12 190r. 
NE of us’ published recently a method for the preparation 
O of triphenylchlormethane. We have tried the same reac. 
tion on toluene and find that the corresponding tritolyl compound 
can be obtained in this way. As the action of aluminum chlo- 
ride upon a mixture of carbon tetrachloride and toluene was 
rather energetic we added, as is customary, a large excess of car- 
bon disulphide in order to lower as much as possible the tempera- 
ture of the reaction and to prevent the splitting off of the methyl 
groups. The yield of the tritolylchloride was in this way increased, 
but is still far from satisfactory. ‘The compound was purified 
similarly to the triphenyl derivative. Sixty-two grams of carbon 
tetrachloride, 100 grams toluene, 150 cc. carbon disulphide, and 
85 grams aluminum chloride, give about 22 grams of the chloride 
derivative, as we found from ten trials of this reaction. 


Calculated for Found. 
(CgHyCHs)3CCl. L II. 
CHIOrIRE: 5... 0ncciecie css ccvasebicnees 11.08 9.93 10.85 


1 See American Gas Light Journal, 74, No.9, Pp. 325. 
2 This Journal, 22, 752. 
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On boiling with alcohol the tritolylchlormethane gives the 
ethoxy compound, which can be easily purified by recrystalliza- 
tion from alcohol. Melting-point, 105° C. 


Calculated for 
(CgHyCHg)3C.OC2H;. Found. 


WTEC 05s by en Ue Serene b cles o rece Coveee Sede 87.27 86.6 3, 
Hydrogen ea pdike wad 0 Wlaieiele debiereid's ssw tei bisiers 7.88 7.66 
On boiling with water the carbinol is formed, This work will 
be continued, and the action of metals upon the halogen com- 
pound will be studied. 
UNIVERSITY OF MICHIGAN, 


CHEMICAL LABORATORY, 
January 9, IgoI. 
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THE FOURTH INTERNATIONAL CONGRESS OF 
APPLIED CHEMISTRY.’ 


The grand amphitheater of the Sorbonne has seen many notable 
assemblages of scientific men, but probably the most distinguished 
body of chemists that its walls ever enclosed was that which met 
on the 23rd of July, 1900, to assist in the opening of the Fourth 
International Congress of Applied Chemistry. 

This organization of chemists had its real origin during the 
World’s Fair, when tfie chemists of the United States invited 
their professional brethren from all parts of the world to meet 
them in an international congress, which convened in Chicago, 
in 1893, under the auspices of the American Chemical Society, 
and the chemical section of the American Association for the Ad- 
vancement of Science. Inthe address of welcome to this con- 
gress, I said: 

‘‘Chemistry is truly cosmopolitan. There is no one country 
that can claim it entirely, either by birth or adoption, Wurtz to 
the contrary notwithstanding. It is therefore entirely fit and 
proper that the chemists of all nations should now and then meet 
on common terms for the sake of mutually profiting by the 
advances and discoveries that each has made. I believe that 
there will be brought before the present congress a proposal for 
the regular triennial meeting of the chemists of the world, after 
the plan which has been followed so successfully by our brethren, 
the geologists and physicians. Were the object of such a con- 
gress only to listen to papers and addresses pertaining to the prog- 
ress and development of our science, it might well be asked 


1 Read before the Northeastern Section of the American Chemical Society, January 17, 
190Ie 
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whether such conventions are useful. The chemical journals of 
to-day fully cover the whole field of chemical activity, and thus 
even in the most remote mining camp the chemist and assayer 
may be fully ex rapport with his fellows, the world over. But the 
objects of our congress are wider than the mere listening to papers. 
The chemist is a social being, and there is a life outside of the 
laboratory as beautiful and useful as the life within. The nar- 
rowness of an idea, and the flattening of isolation are to be avoided 
as the purpose of an investigation is to be pursued. The highest 
culture is not found in books, but in men. The power and 
splendor of a great and old university are not alone in its libra- 
ries and professors. There is a subtle influence of association 
that does more, often, than the lecture room to develop mind and 
mold character. And thus to widen his horizon and broaden his 
views the chemist must leave his desk and seek the acquaintance 
of his fellows. Every time you take a brother chemist by the 
hand you enlarge your life and extend your strength, and the 
farther apart the field of your activities, the greater the benefit.’’ 

The congress of chemists at Chicago contained representatives 
from almost every civilized country, and the fruit of this confer- 
ence, the first international conference of chemistry ever held, 
was manifested in the following year by a call issued for a con- 
gress of applied chemistry to meet at Brussels. The Brussels 
congress decided to hold the next meeting in Paris, and the 
Second International Congress of Applied Chemistry convened 
at the Sorbonne, the latter part of July, 1896. It was my good 
fortune to attend this meeting, as well as the meeting of the third 
congress which convened in Vienna, in July and August, 1898. 
Reports of the proceedings of both these congresses were pub- 
lished in the Journal of the American Chemical Society. 

The Vienna congress decided to have its fourth meeting in Paris, 
in 1900, on account of the World’s Fair which would be likely to 
bring together a larger number of representative chemists than 
could be collected in any other quarter at that time. 

The functions attending the opening and closing of scientific 
congresses in Europe are somewhat more elaborate than we are 
accustomed to in democratic America. Evening dress and uni- 
forms representing offices in civil life are not found in scientific 
functions in this country before 6 o’clock. Quite otherwise in 
Europe where the evening coat and the uniform of any learned 
body to which the member may belong are ex regle even for 
morning functions. 

The Fourth International Congress of Applied Chemistry was 
opened by Mr. Moissan, the president of the Committee of Organ- 
ization. He said, in part: 

‘‘Gentlemen: I declare open the Fourth International Con- 
gress of Applied Chemistry. The first words which we pro- 
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nounce to-day in the grand amphitheater of the University of 
Paris, should be words of thanks addressed to the bureau of the 
Vienna congress. We have not forgotten the charming fashion 
with which we were received in the capital of the Austro-Hun- 
garian Empire. Nor have we forgotten that the members of the 
last congress decided to meet here again by reason of the universal 
exposition which closes the 19th century. Gentlemen, you have 
not forgotten the date fixed. You have come in great numbers. 
We thank you, and we will do our best to do the honors of the 
city, and of that exposition which your own efforts have rendered 
worthy of the progress of science, and of industry. These con- 
gresses have opponents. Many see in them only occasions for 
excursions and banquets, more or less repeated. When I think 
that we have, during the exposition, 127 congresses regularly 
organized, in the warmest months of the year, I desire to class 
myself. among the opponents of whom I have just spoken, but 
when I meet among this crowd of chemists, which fills our new 
Sorbonne, already too small, the smiling countenance of a friend 
from America, or of a delegate already known in the preceding 
congresses, I am happy to exchange my ideas, and class myself 
with those who rally to the support of the 127 congresses of our 
universal exposition. 

‘‘T will add that these congresse sought to have their immediate 
utility. Many economic questions, of which certain ones are vital 
for industry, can be studied by you with care and afterwards sub- 
mitted to the differenjgovernments represented. The continuity 
of your efforts in successive congresses must lead to useful solu- 
tions. The attention with which the different governments fol- 
low your congresses is a sure guarantee to you of the interest 
which the public authorities bear you. 

‘‘Gentlemen, I cannot terminate these few words without address- 
ing our best thanks to the French Government which has taken 
our congress under its patronage, and to the president of the 
republic who has honored us by being officially represented at 
this opening meeting. Iam also to thank the ministers who, not 
content with sending us official delegates, have for two years 
done all in their power to aid our work.’’ 

M. Moissan then thanked the ministers by name, and also the 
learned societies, and the foreign governments, and the foreign 
learned societies which had sent delegates, and closed his address 
in the following words : 

‘* Gentlemen, our dear president of honor, M. Marcellin Ber- 
thelot, on account of a slight indisposition from which he has 
suffered for several days, we have begged in your name not to 
expose himself to the fatigue of this first reunion, and if you will 
kindly permit me I will read the discourse which he has pre- 


pared.’’ 
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The address of M. Berthelot, read by President Moissan, was 
of the greatest interest. He said in part : 

‘* Gentlemen: I bid you welcome in the name of France and of 
the Republic. You have come from all parts of the world to 
show your works at the exposition of 1900, and to participate 
in that universal competition of all the industries in that pacific 
contest of all the people for the honor and the profit of the human 
race.’’ 

M. Berthelot next called attention to the fact that chemistry 
was the most important of the sciences which were to work for 
the good of the human race in the coming century ; that it did 
not belong to any continent, neither to Europe nor America ; nor 
to any country ; neither to Germany, nor to France, nor to Eng- 
land, but it was the common heritage of all mankind. He also 
developed the fact that chemistry owed little to the remote past, 
that it is essentially a modern science which had borrowed but 
little from the alchemy and necromancy of the middle ages. 
‘*Let us guard then,’’ he said, ‘‘ the belief that chemistry is the 
one work purely modern. In reality, it belongs to the years 
which have recently passed. Allow me also to retrace some of 
the grand historic steps of the general methods of chemistry and 
of their progress.”’ 

Perhaps no living chemist is better able to give in a brief review 
the chief characteristics of chemical science than M. Berthelot. 
He began his historic account by references to the chemical arts 
practiced in Ancient Egypt, especially in metallurgy. He called 
attention to the fact that the science of antiquity became also that 
of the modern age, transmitted in part directly by the technical 
traditions of the workshops and in part by the Syrians and Arabs. 

It was in the central part of Europe, in the 13th and 14th cen- 
turies, that there was noticed the first assumption of the scien- 
tific spirit in its industrial initiative. It was at this time that new 
chemical methods made their appearance. The manufacture of 
metals was perfected, leading to the construction of powerful 
machines for war and for industry. The use of saltpeter in the 
manufacture of Greek fire, and of powder, created a revolution in 
modern warfare. The knowledge, which then became general, 
of fermentation and distillation led to the manufacture of alcohol 
on a scale sufficient to be used in the arts. Many of the essential 
oils of plants were also discovered about this time, and nitric, sul- 
phuric, and hydrochloric acids became established objects of manu- 
facture. 

I could not give here even a synopsis of the rest of the address 
of M. Berthelot, bringing, by brief references to the principal 
steps of progress, the science of chemistry down to the present 
time. One point, especially, in speaking of the employment of 
fuels, is worthy of particular notice here. He said: 
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‘*It is thus seen that the employment of carbon, and of oil, the 
old generators of chemical energy, by reason of the heat disen- 
gaged by their union with the oxygen of the air, shows a ten- 
dency to-day to be replaced by the energy obtained by the fall of 
water, energy purely mechanical ; but coal and oil exist in limited 
quantities which are exhaustible while the falls of water are not 
so, because they are derived from the energy borrowed from the 
sun, an energy of which the human race will never see the end.”’ 

He closed his address in the following words : 

‘* Better than mysterious magic, better than the antique faith, 
modern science lifts the mountains and realizes dreams and mira- 
cles. It creates without cessation riches which cannot be taken 
from anyone by force or by stratagem. It tends thus to the 
equalization of fortunes by the universal increase of capital, and 
the equalization of intelligence by incessant publication, liberal 
and disinterested, of the discoveries of learned men, and especially 
by the general elevation of public instruction and of workers. 
The hatred among men, peoples, and individuals is born of igno- 
rance and egoism, but science exerts itself without relaxation to 
diminish that because it belongs neither to a private personality 
nor to a particular nation. It teaches us that all are citizens of 
the same country, that all the civilized people of the world are 
united. Science has no nationality. It is as well German, Eng- 
lish, Italian, Russian, Japanese, as French. It is progressive 
among small nations as well as among large. Each one brings 
its contribution to the common work. ‘This is the reason, I 
repeat, that all civilized peoples are united. Every loss suffered 
or inflicted upon one of them is a loss for all humanity, a loss at 
the same time material, on account of the destruction of existing 
values, and a loss moral by the weakening of the necessary 
bond which attaches men to one another. When these truths 
shall be tried by all, and shall have penetrated the minds in the 
most elevated social layers of the aristocracy as well as the most 
fundamental layers of democracy, we will have understood that 
the true law of human interests is not a law of conflict and of 
egoism, but a law of love. This is how the science which brings 
us together to-day in this environment proclaims as the final end 
of its instruction, universal solidarity and fraternity.’’ 

After the address of M. Berthelot, M. Dupont, the secretary- 
general, read his report as secretary of the Committee of Organ- 
ization. ‘The congress then proceeded to the formal election of 
officers, choosing M. Berthelot as president of honor, M. Moissan, 
as president, and a list of vice-presidents representing different 
countries having delegates in the congress. For the United 
States, the vice-presidents chosen were Messrs. Doremus, Rising, 
Chandler, Clarke, and Wiley. Among the vice-presidents of Ger- 
many were Messrs. Fischer, Maercker, and Herzfeld ; from Italy, 
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Cannizzaro and Piutti; from Switzerland, Lunge ; from Russia, 
Mendeléef ; from Austria, Strohmer and Liebermann ; from Bel- 
gium, Sachs ; from Egypt, Ventre-Pasha ; from England, Thorpe; 
and from Greece, Christomanos. 

At 2 o'clock in the afternoon the various sections met for 
organization. ‘The organization was completed as follows : 

Section 1.—Analytical Chemistry ; president: M. Muntz; and 
presidents of honor: MM. Lunge and Clarke. 

Section 2.—Industrial Chemistry of Inorganic Products ; pres- 
ident: M. Etard. 

Section 3.—Metallurgy, Mines and Explosives ; president : M. 
Adolf Carnot. 

Section 4.—Industrial Chemistry of Organic Products ; pres- 
ident: Lindet. 

Section 6.—The Chemical Industry of Fermentations ; presi- 
dent: M. Durin. 

Section 7.—Agricultural Chemistry ; president: M. Dehérain. 

Section 8.—Hygiene and Medical Chemistry, and Chemistry 
of Food Adulteration ; president: M. Riche. 

Section 9.—Photography ; president: M. Janssen. 

Section 10.—Electrochemistry ; president: M. Moissan. 

At 4.30 o'clock, M. Leygues, minister of public instruction and 
beaux-arts, received the members of the congress at the Sorbonne, 
where a lunch was prepared in their honor. M. Leygues made 
a happy address which was warmly applauded. 

The rest of the day was devoted to a visit to the new labora- 
tories of the Sorbonne which have lately been completely recon- 
structed. The laboratories especially visited were those of Troost, 
Haller, and Lippmann. In the laboratory of Lippmann were 
found many of the interesting color photographs, which he has 
made by means of an invention -he has perfected of depositing in 
the original negative successive films of silver having a definite 
relation to the wave-length of various rays. When these nega- 
tives are viewed by reflected light, the various colors are repro- 
duced corresponding to the wave-lengths employed in the deposi- 
tion of the superimposed silver films. The method of producing 
these photographs has already been described in sufficient detail, 
but I may say here that the principle consists in placing back of 
the plate, which should be transparent, on which the negative is 
to be made, a film of mercury which, by the reflection of the 
transmitted rays, produces the interference necessary to secure the 
deposition of the superimposed silver films. 

The modern appliances for increased laboratory facilities were 
carefully studied by the members of the congress, who were 
received in all parts of the building, by the professors and their 
assistants, the greatest courtesy and willingness to answer all in- 
quiries being shown. 

17-23 
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I cannot do more than mention some of the most important 
papers presented to the sections on the successive days of the 
meeting. 

In Section 1, M. Hanriot raised the question of the assumption 
as a basis for the atomic weights the value of 16 for oxygen. The 
discussion of this point was engaged in by many of the members of 
the section, including Professor Clarke of this country. At the 
end of the discussion, M. Hanriot proposed the following resolu- 
tion: ‘‘The congress of applied chemistry, believing that the 
adoption of the atomic weight of oxygen as a basis will lead toa 
greater stability, and to a simplification in a calculation of the 
atomic weights, wishes to associate itself with the workers of an 
international commission.’’ This resolution was unanimously 
adopted. Professor Clarke proposed the formation of an interna- 
tional committee, having for its object to indicate to chemists the 
methods which ought to be adopted, and the coefficients which 
they ought to adopt in the different calculations which they make. 
This proposal was also adopted unanimously. 

M. Krause read a paper upon the symbols and :.bbreviations 
usually employed in chemistry, in which he took the ground that 
the symbols Am and Cy ought not to be employed to represent 
the radicals ammonium and cyanogen, nor should methyl be repre- 
sented by Me, ethyl by Et, nor phenyl by Ph. He also claimed 
that the words ester and ether, should not be synonymously 
employed. It was voted to leave that question for further study. 

M. Vivier proposgd the following resolution : ‘‘ There shall be 
established by an international special commission a table of chem- 
ical and physical constants of which the use shall be obligatory 
upon all official chemists in countries represented in this congress, 
and upon unofficial chemists in cases where they shall be called 
as experts before any jurisdiction whatever.’’ This resolution 
was also adopted. 

In view of the fact that at the present time a great deal of pres- 
sure has been brought to bear upon our congress to establish a 
bureau of standards, similar to the Reichsanstalt at Charlotten- 
burg, the report presented by M. Demichel upon the graduation 
of instruments of precision is of great interest." This paper and 
the discussion which followed, were of the usual character of 
communications relating to the calibration of chemical apparatus, 
and are too long for further notice. 

Herr Ritter von Grueber presented to the section the work of 
the commission appointed at the Third International Congress to 
secure methods of uniformity, for international use, in the analysis 
of fertilizers. This report was printed in English, French, and Ger- 
man, and recognized, for the first time in the Congress, the progress 

This Bureau of Standards was established by Congress just before adjournment, 
March 3, Igor. 








~ “REVIEW. 185 


which had been made in the United States in the analysis of agri- 
cultural products. The standard American authorities are cited in 
this report, in conjunction with the standard authorities in Ger- 
many and France. Since the adoption of the report pertained 
particularly to the section on agricultural chemistry, no formal 
action was taken on this resolution by Section 1. It was subse- 
quently presented to the section on agricultural chemistry, and 
after an interesting debate, the proposals of the committee were 
unanimously adopted. 

A firm basis has thus been laid for international agreement in 
regard to analytical methods and processes relating to the deter- 
mination of the essential ingredients of fertilizer materials. This 
agreement is not only interesting from a scientific point of view, 
but also has far-reaching commercial ramifications, and will result 
in bringing into close touch the chemists in Europe and in the 
United States who have to do with imported or exported fertili- 
zing materials. 

M. Christomanos entertained the section with an account of the 
studies which he had made of the transformation of red phos- 
phorus into arsenic, under the influence of ammonium nitrate. 
This is a theme, which has lately excited a great deal of atten- 
tion. Whether or not it be true that arsenic is one of the ele- 
ments which forms a compound heretofore known as phosphorus, 
it is too early to state. The intimate relations, however, 
which arsenic bears to phosphorus in all of its chemical reac- 
tions show that whether or not the two substances are forms 
of some original material or have entirely different natures, they 
surely resemble each other very much in regard to their chemical 
deportment. 

An interesting subject to our wine-makers, was that presented 
by M. Chuard, of Switzerland, concerning the state of sulphurous 
acid in wines, and the functions which this acid performs in wine- 
making and ripening. It has long been known that the deport- 
ment of carbonic acid, formed by natural fermentation in the bot- 
tles, as in the making of champagne, is quite different from that 
of carbonic acid charged artificially into a still wine. The study of 
the deportment of sulphurous acid in wines may throw some light 
on the interesting relation which gases bear to the liquids when 
in solution under pressure or otherwise. 

An interesting communication was made by M. Christomanos 
in giving the data of the analysis of a piece of iron more than 
3,000 years old, which had been recovered from below the foun- 
dation of the marble column of the Acropolis at Athens. M. 
Christomanos also showed an interesting experiment which black- 
ened pieces of marble without danger of fracture, by means of the 
flame of metallic magnesium which deoxidized a circumscribed 
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portion of the marble into lime and set the carbon free. He 
called the process ‘‘ marmocautére.’’ 

Many interesting papers were also presented in Section 2. 

To those interested in the analysis of food products, the paper 
by M. Lucian on some causes of error in the employment of the 
bomb calorimeter will prove valuable. If the oxygen used is 
obtained by electrolysis, it is apt to be contaminated with traces 
of hydrogen, and it is not sufficient to determine the percentage 
of hydrogen by combustion in a capillary tube of platinum. In 
the combustion of carbonaceous masses, it is not safe to assume 
that all the hydrogen which may be contained in the oxygen is 
burned. The quantity of hydrogen burned is a function of the 
total calories set at liberty by the combustion of the carbon and, 
consequently, is an unknown function. It is not possible, there- 
fore, to calculate the error in such a case and oxygen, which is 
entirely free from hydrogen, should be employed. 

M. Guillet read an interesting statistical paper on the inorganic 
chemical products of France, in which the quantities of all 
important chemicals manufactured in France were given. 

M. Doremus, although not present himself, sent an interesting 
paper on fluohydric acid and the fluorides, in which he discussed 
the production of these important substances. 

M. Perron gave an interesting paper on the sulphuric acid 
industry in which all the modern improvements were described. 
This paper was ably discussed by M. Lunge, who is recognized 
as the highest aughority in the world on sulphuric acid produc- 
tion. 

M. Boudouard gave an exhibition of the different pyrometric 
methods which are used for high temperatures. Eight different 
kinds were described in detail. 

M. Bloche gave an historical and technical paper on the produc- 
tion of barium and hydrogen peroxide containing extremely 
useful information to those engaged in those industries or using 
their products. The amount of barium peroxide produced in 
France, is about 1000 tons annually, and, the hydrogen perox- 
ide manufactured amounts to from 2000 to 3000 tons. ‘The chief 
uses of hydrogen peroxide are for antiseptic purposes and for 
bleaching. 

In Section 3, M. Pellet gave the results of his study of the 
estimation of sulphur in minerals, coals, bitumens, and rubber. 
The principle adopted is the following: The sulphur and the 
organic matter are oxidized by fusion with a sufficient quantity 
of potassium nitrate, variable with the quality of the substance 
analyzed. Some pure sodium carbonate is added, in quantity 
usually double that of the nitrate, to moderate the action of the 
latter. All of the sulphur passes into the state of neutral sul- 
phate or of soluble alkaline sulphate. The melted mass is 
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treated, over a flame free of sulphur, as for instance an alcohol 
lamp, by water, filtered, the filtered liquor acidified, some barium 
chloride added, heated, and again filtered. Thus, the solution of 
the iron, as in the case of pyrites, is avoided. The precipitation 
of the barium sulphate is rapid and complete. The determina- 
tion can be terminated in less than an hour. 

M. LeChatelier presented an elaborate report on the state of 
our knowledge of the different allotropic conditions of iron and 
steel. 

M. Barthelemy presented a résumé of legislation relating to the 
storing and transportation of explosives in different countries. 
He cited the necessity of getting a special class of explosives 
which are perfectly safe and which can be admitted for transport 
by express in cases of urgency. 

M. Le Chatelier also presented a new microscope for the study 
of materials and for photographing the same. The description 
is too long for insertion here. 

In Section 4, M. Thomas presented a paper on viscose, a form 
of cellulose, which can be used for various purposes, as, for 
instance, sizing paper, decorative painting, adulteration of rubber, 
fabrication of thin pellicles, threads, celluloid, ethers, acetates, 
etc. 

M. Guillemare stated that all green plants digested with a weak 
solution of caustic soda yielded their chlorophyll in the form of 
sodium chlorophyllate, and for this reason he believed that chlo- 
rophyll should be known by the name of chlorophyllic acid. 

M. Pierron gave an account of the catalytic heating action of 
platinum from the time of Humphry Davy to the present. 

M. Arachequesne called attention to the fiscal regulations 
existing in France, and other countries, concerning the use of 
alcohol in the arts, and the hardships which manufacturers had 
to undergo, by reason of these regulations, and the requirements 
for denaturalization. He presented some resolutions, which were 
adopted, calling upon the different governments to modify their 
regulations in such a way as to permit the use of pure alcohol in 
certain cases, and where denaturalization was required to make 
it as inexpensive as possible. 

M. Reid presented numerous specimens of a product known as 
velvril, intended to replace rubber and gutta percha in a certain 
number of their applications. 

M. Ferdinand Jean presented a study of the réle of micro- 
organisms in the liquors of the tannery, and in skins, and gave 
his experience with a number of antiseptics. 

M. Kostancki gave a résumé of his work upon vegetable color- 
ing-matters. 

M. Jules Wolff gave results of the analyses of the roots of chic- 
ory. The quantity of inulin amounts to 15 per cent. in the fresh 
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root, but the inulin disappears almost completely during torrefac- 
tion. 

In Section 5, which was the most numerously attended of any 
of the sections of the congress, the papers were chiefly of a tech- 
nical character. Two papers were read by delegates from this 
country in this section, one by M. Wiley, showing the influence 
of temperature on the specific rotation of sugar, and the other by 
M. Wiechmann, taking the ground that temperature exerts no 
influence on specific rotation. This question of the influence of 
temperature on the specific rotation was also discussed before the 
section by M. Pellat, who gave an elaborate mathematical discus- 
sion of the data which he had obtained in his investigations. 

This theme is particularly interesting to the members of the 
Northeastern Section, because the great influence of temperature 
on specific rotation was first pointed out by Andrews who, at that 
time, was connected with the Institute of Technology. The 
matter is of such importance, both scientifically and commercially, 
that it occupied the chief part of the time of the International 
Committee on Unification of Methods of Sugar Analysis. In the 
meeting of this committee, the data relating to the influence of 
temperature on polarizations were presented at length by M. 
Wiley of the United States, and M. Brodhun, of Germany. 
The only advocate of the stability of specific rotation, inde- 
pendent of temperature, was M. Wiechmann of the United 
States. The opinions of the majority were embodied in a reso- 
lution which finallw passed the International Committee with- 
out a dissenting vote. This resolution was to the effect that the 
saccharimeter should be adjusted as nearly as possible to a tem- 
perature of 20°, but when this is not a convenient temperature 
the adjustment should be made at other temperatures near that 
of the usual temperature of the laboratory where the polariza- 
tions are performed ; and further that all polarizations should be 
performed at, or as nearly as possible, the temperature at which 
the instrument is adjusted. The influence of temperature on 
specific rotation has now been so thoroughly. worked out that we 
may say without hesitation that the points established by Andrews 
eleven years ago, are now fully accepted by practically all the 
investigators of the world. 

I, perhaps, in this connection might also call attention to the 
fact that the two important international committees on sub- 
jects particularly associated with agriculture have made more 
progress in their work, and received more approval from the con- 
gress than any other committees which have been appointed. I 
refer to the International Committee on Methods of Fertilizer 
Analysis and theInternational Committee on Unification of Methods 
of Sugar Analysis. While both of these committees have been 
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continued for further work, the objects for which they were estab- 
lished have been practically attained, and the chemists of the 
world are now able to stand on a common foundation in two 
important branches of chemical analyses. This fact shows how 
easy it would be to unite the methods of chemists all over the 
world on all points connected with analytical processes. 

In Section 6, there was nothing brought out in regard to fer- 
mentation as interesting as the paper read at Vienna by Buchner 
on fermentation without yeast. 

M. Effront, the eminent Belgian authority, presented a com- 
munication on the rational use of antiseptics in the distillery, and 
showed that there were four factors to be considered, vzz.: 1, the 
quantity of antiseptic necessary to moderate or arrest the develop- 
ment of ferments; 2, the quantity of antiseptic which enfeebles 
the yeast itself; 3, the quantity to be used without enfeebling 
the active substance of the malt ; and 4, the influence of antisep- 
tics upon the malts. 

M. Barbet presented a communication upon the use of pure 
yeast in the distillery after sterilization, a subject which is now 
creating a great deal of interest., We are all familiar doubtless 
with the imitations of the flavors of wines which are produced by 
the fermentation of malt extracts with ferments from the wine 
cellar. The production of particular flavors in fermented bever- 
ages, as well as in those which are distilled, will doubtless in the 
near future be controlled at will by previous sterilization of the 
mass and the employment of especially cultivated ferments which 
produce distinctive flavors. 

Naturally, the section in which I was most interested was Sec- 
tion 7 on agricultural chemistry. The subjects discussed ranged 
from the character of the soil to the most difficult problems of 
vegetable physiology. 

M. Dehérain, the distinguished chemist of the agricultural 
station at Grignon, read a paper showing the chemical and phys- 
ical effects of the cultivation of a soil in which he showed that 
the aeration of the soil and the destruction of weeds were not the 
principal points to be kept inview. The principal value of culti- 
vation is found in the relation of cultivated soils to moisture. 
Soils which tend to be too wet are dried out more readily by cul- 
tivation, while those which suffer from drought have their water 
retained by the same means. Soils should be cultivated every 
year if possible. Water charged with carbonic acid dissolves 
chalk and causes the clay to lose its coagulability. 

M. Wiley presented a paper to the section on the economic 
uses of corn stalks, showing the immense quantity of valuable 
food material for cattle, destroyed annually in the United States, 
by the burning of stalks of Indian corn. He showed how the 
cornstalk becomes one of the best absorbents for blood and 
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molasses, and thus would form the basis of some of the most 
valuable manufactured cattle foods. 

M. Schneidewind laid before the section some of the results 
obtained at the agronomic station at Halle on denitrification and 
in the transformation of soluble nitrogenous compounds into 
insoluble. 

In Section 8, interesting communications were made in regard 
to the falsification of wines, and it was brought out in the dis- 
cussion that the v7z ordinaire obtained at Paris was almost wholly 
artificial in character, about one barrel of low grade red wine 
serving as a basis for at least three barrels of the material placed 
on sale. 

M. Berger gave the results of his study in the sterilization of 
water by peroxide of chlorine. This compound is of such great 
activity that a quantity less than a milligram suffices to sterilize 
a liter of water. 

M. Ogier states that it is certain that the coniposition of water 
treated is not modified in an unfavorable sense by the peroxide of 
chlorine, and, in so far as mineral matters are concerned, its use 
does not produce an increase, except in an infinitesimal way so 
small as to escape detection by analysis. "The water which has 
been sterilized is easily freed from any excess of peroxide of chlo- 
rine so that it may be regarded as an irreproachable agent from a 
hygienic point of view. 

M. Brevans discussed the detection of saccharin in alimentary 
products, in which the method of Remsen was given the prefer- 
ence. As is well-hown, the use of saccharin is prohibited in 
most European countries. Its use in this country by diabetic 
patients has grown to large proportions. It is extremely doubt- 
ful if it serves any useful purpose, while it is quite certain that it 
hindérs digestion. Its general use should be regulated by law, 
and physicians should be admonished not to prescribe it promis- 
cuously to their patients and never to any particular one for any 
length of time. 

M. Halphen gave a report on the adulteration of oils, and the 
methods of detecting them. : 

MM. Abelous and Gerard presented a paper in which they 
described a soluble ferment found in animal tissues producing 
nitrates. It exists in the greater number of organs although the 
proportion is unequal. It not only produces nitrates, but decolor- 
izes the blue of methylene. The ferment has its maximum 
activity at between 40° and 50°, and is destroyed at about 71°. 

M. Moliére pointed out the conditions in which it is necessary 
to work to obtain a regular determination of glycogen in normal 
and pathological tissues and pointed out the steps necessary to 
extract the glycogen from the tissues and precipitate the nitro- 
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genous matters and finally to separate the crude glycogen. The 
real quantity of glycogen is determined according to the weight 
of suboxide of copper given by the crude product hydrolyzed by 
sulphuric acid of 2.5 per cent. strength, and the heated product 
permitted to act upon Fehling’s solution. 

The whole subject of the determination of glycogen has lately 
been studied in the Department of Agriculture, by MM. Bigelow, 
and Haywood, with the result of showing that the method which 
is described above and which has been practiced for many years 
is not reliable. The results of these investigations will soon be 
published for the information of chemists interested in the deter- 
mination of glycogen. 

I have in the above brief résumé only touched upon some of 
the papers which to me were of superior interest. Another 
reviewer would doubtless have selected quite a different series of 
papers for mention. At any rate, the above will show the gen- 
eral character of the papers which were read, numbered as they 
were by the hundreds, and of the character of the discussions in 
regard to them. Of course it is not possible for anyone to be 
present at all the sections, and it is quite likely that many of the 
most interesting papers escaped my attention entirely. 

I have already called attention to the remark made by M. 
Moissan in his opening address, to the effect that one of the most 
valuable points connected with an international congress is the 
opportunity which it affords of making the personal acquaintance 
of our professional brethren whom we have long known from their 
works. And so it seems to me that the most delightful as well 
as the most useful part of the congress was the meeting of old 
friends and the making of new ones, especially those whom we 
had known before by correspondence or otherwise. 

In the absence of M. Berthelot, unhappily detained by a slight 
indisposition from attending the meetings of the congress, by far 
the most interesting figure to my mind was that of Mendeléef, of 
St. Petersburg. His white flowing hair and attractive counte- 
nance marked him everywhere as a man of distinction. He takes 
the greatest interest in the work of the chemists of this country, 
and spoke particularly of many of the contributions which our 
chemists have made to science. While we may not regard Men- 
deléef as the first originator of the theory of the periodic law, that 
being reserved to the honor of Newlands, he must be accorded 
the credit of having developed it in a thoroughly philosophical 
and practical way. Among foreign chemists, Mendeléef’s work 
in explosives has been of the highest character and many of the 
smokeless powders made to-day are composed directly according 
to his formula or with very little variation therefrom. In fact, 
Mendeléef has covered almost the whole field of chemical research 
and, among the older men, shares with Berthelot and Crookes, 
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the honor of being probably the most eminent chemist now living. 

Among the representatives from Germany, perhaps the most 
distinguished and certainly the most striking in form and figure 
was Otto Witt, our friend of the Chicago exposition, not less 
ponderous of figure, not less genial of disposition than at that 
time. Dr. Witt occupied a high position in the German commis- 
sions standing, I believe, next to the director-general and his 
assistant and was, by all odds, with the French, the most popular 
German representative. His well-known ability, and his suavity 
and tact pointed him out as the proper person to be named as pres- 
ident of the Committee of Organization of the next congress, which 
is to be held in Berlin in 1902. 

From our country we had the distinguished president of the 
Society of Chemical Industry, Professor C. F. Chandler, of New 
York, who represented, with dignity and success, the advance 
guard of American applied chemistry. 

The chemists of England were conspicuous by their absence. 
In this congress, as in all the others, scarcely an Englishman 
was to be found. 

Switzerland sent M. Lunge, whose name is known wherever 
applied chemistry is practiced as being at the head of his profes- 
sion, 

From Italy, we had as a delegate M. Cannizzaro who not only 
is distinguished in the field of chemistry, but is vice-president of 
the Italian Senate. In fact the scientific men of Europe do not 
think it is beneath their notice to take an interest in public affairs 
and many of them, as in thecases of Berthelot and Cannizzaro, 
occupy the highest public positions. 

From Austro-Hungary the principal representative was the 
genial Frederich Strohmer, the secretary-general of the Vienna 
Congress, who did so much at that time to make the sojourn of 
the foreign delegates in the capital of Austria, pleasant and 
profitable. 

From Greece, M. Christomanos headed the list of delegates. 

The distinguished men from France, of course, were numbered 
by the dozens. In addition to those who have already been 
named, it was especially pleasant to meet Dehérain, Lindet, 
Troost, Haller, Lippmann, and others equally as famous. 

The Committee on Organization of the Congress showed a great 
improvement over those of former congresses in the care taken to 
have inscribed and identified the delegates from foreign countries. 
Not only was a list of all these delegates published in the daily 
program, but, what had never been done before in these con- 
gresses, the Paris address of each one was affixed, thus rendering 
it possible to communicate with these delegates in case they 
could not be met at the sectional meetings which, on account of 
the widely separated localities in which these sections met, was 
always a difficult matter. 
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Highly contributory to the good fellowship and intimate 
acquaintance were the luncheons, breakfasts, excursions, and ban- 
quets offered by the members of the congress to the delegates of 
foreign governments and learned societies. 

At midday of the first day of the meeting, the congressists 
separated into groups of friends, and took breakfast at the differ- 
ent restaurants in the Latin quarter, in the neighborhood of the 
Sorbonne. The restaurant of La Société Savante served a special 
breakfast for members of the congress. 

The reception given at 4.30 o’clock the same day by M. Ley- 
gues, minister of public instruction, has already been noticed. 

On the second day of the meeting a breakfast was given at the 
Restaurant Lyonnaise of the exposition, Champs de Mars, under 
the presidency of M. Henry Boucher, member of the Chamber of 
Deputies and former minister of commerce. At the dessert M. 
Moissan proposed the health of the science of chemistry in a happy 
address in which he said: 

‘‘ There was in antiquity a god who was called Janus. He had 
two faces, one sad, the other gay, so placed that one might choose 
that which was adapted the best to his impressions. Chemistry 
is somewhat like Janus. She has two faces. There is a good 
chemistry and a bad. The Phoenicians with great difficulty 
obtained a mineral from the Cassiterite Islands from which they 
obtained tin which they afterwards adulterated with lead. Chem- 
istry has discovered mineral colors in order to add as much as 
possible to them of barium sulphate. Chemistry has given us the 
aniline colors which tint our silk in such pleasant variations and, 
at the same time, she has taught certain adulterators to add to 
the silk, 90 per cent. of foreign matter. Chemistry has taught 
us to obtain as much sugar as possible from the cane and the beet, 
but she has also invented saccharin which is used for fraudulent 
purposes. As to wines, I may permit myself to say that certain 
ones have been adulterated, but we have not noticed that to-day 
for we have not drunk chemical wines. Yes! by the side of every 
new preparation is found its falsification. Alas! this is the 
eternal history of life, the bad is mixed with the good and the 
fable of AXsop is always true. Chemistry might then be com- 
pared to the sabre of M. Prud’homme which might serve to 
defend our institutions, and, in case of need, to fight them ; but 
she has an advantage over that historic sabre and that is, it is she 
who aids us in pursuing the adulterators. It is by her trials, by 
her methods, by her analyses, often very delicate, that we are 
able to detect the fraud. Chemistry thus heals her own wounds. 
In the last place, we are able to stop with this consoling thought 
that if in chemistry virtue is not always rewarded, at least vice is 
often punished. Gentlemen, I drink to the good chemistry.’’ 
The closing banquet of the congress was held at the Hotel 
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Continental, on the evening of July 28th, when about 300 members 
sat down to a dinner. 

The banquet was presided over by M. Leygues, the minister of 
public instruction, having on his right M. Moissan, and on his 
left M. Cannizzaro. Itis needless to add that the cuisine was of 
the most exquisite kind, the wines of the best vintages and served 
at the proper temperatures, and the good fellowship of the com- 
pany was equal to the elegant repast which was served. 

-M. Moissan at the close of the dinner proposed the health of 
the president of the republic, and of the minister of public instruc- 
tion and to this toast the minister of public instruction, in the 
name of the president, and in his own person made a most happy 
reply. 

By arrangement of the delegates of foreign countries M. Lunge 
spoke for them in an eloquent discourse praising the hospitality 
of the French and expressing his great satisfaction in having 
been present at the inauguration of the statue of Lavoisier. He 
expressed great satisfaction in knowing that the United States 
and Europe are united, if not in the domain of politics, at least 
in the domain of science. He drank to the solidarity of the - 
nations united by science, and to the success of the International 
Congresses of Applied Chemistry, and to the health of M. Moissan 
to whom he wished a long and successful career. 

Numerous personally conducted tours through the most inter- 
esting parts of the exposition were enjoyed under the guidance of 
experts thoroughly,acquainted with the character and extent of 
the exhibits. By this means the congressists were able to see, at 
small expense of time, the most interesting of the chemical 
exhibits. While, of course, in magnitude the French exhibits of 
chemical products were more extensive than those of any other 
country, it must be conceded that the German exhibit was supe- 
rior in arrangement, beauty of design, and completeness of detail. 
Our own chemical exhibit was of a very modest nature and while 
it was excellent, in so far as it went, it did not in any way illus- 
trate the great strides which our country has,made in the last few 
decades in manufacturing chemistry. Our people are doubtless 
so busy in the conduct of their great manufacturing problems that 
they do not think it worth while to give their time and money to 
securing adequate representation in foreign expositions. In this, 
however, I think they make a great mistake, and let us hope that 
when another World’s Exposition takes place in a European cap- 
ital, American chemical products will be represented on a scale 
commensurate with their commercial magnitude. 

The visit to the Pasteur Institute was full of interest, espe- 
cially to those congressists who had not had a previousopportunity 
of seeing this monument to the greatest of modern savants. Pas- 
teur was peculiarly and practically a chemist, and the whole suc- 
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cess of his career must be attributed to his early training in 
our science and to his constant practice of it. His late re- 
searches in the study of toxines produced in diseases and the 
best methods of preventing them, were largely of a biochemic 
nature, and his efforts were made possible by his previous training. 
He, indeed, would be incapable of higher feeling who could look 
upon the crypt which contains the mortal remains of this great 
man without a feeling of gratitude as well as of awe: awe in the 
presence of the mortal remains of so great a life, and grat- 
itude that that life still persists in the benefits which science, under 
its skilful hand, confers upon suffering humanity. The scien- 
tific establishment of the principle of vaccination as applied to 
other diseases due to toxines was made possible by the works of 
Pasteur, and these works offer for the future the expectation 
that in the progress which will certainly be made along these 
lines many of the plagues which have in the past decimated nations 
may be wholly eradicated, or at least brought under control. 

Through the munificence of the city of Paris, and of Baroness 
Hirsch, a magnificent addition to the Pasteur Institute is now in 
construction, across the street from the old building, which will 
be devoted exclusively to physiological and pathological studies, 
especially physiological chemistry. 

Joined to these laboratories is a hospital built upon the most 
approved modern plans. The Pasteur Institute is to-day one of 
the greatest scientific establishments in the world, and of all the 
schools of biology and physiological chemistry, it is the one 
where the experimental method is the most fully developed. 
Thanks to the increase of its buildings, it will be able to receive 
a greater number of pupils than ever before, and thus to satisfy 
the immense demand which has been made upon it up to the 
present time. 

Thus the labors of this great man will continue through the 
twentieth century, and no one can estimate the blessings which 
they will secure in immunity from disease, in longer life, and in 
sustained powers of labor, and enjoyment for the whole race. 

All the members of the congress are under lasting obligations 
to M. Duclaux, the director, and to M. Roux, the assistant 
director, who so amiably performed the honors of this great estab- 
lishment. 

Returning from the visit to the institute, the congressists were 
received by the préfect of police, and the préfect of the Seine, at 
the Hotel de Ville. There the congress was addressed by the 
president of the municipal council who, in a happy speech, wel- 
comed the members of the congress to the city hall, and in a few 
well-turned phrases jocosely alluded to the differences which 
exist between the municipal government and the Elysée Palace. 
Our own people will understand better the strain which exists 
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there when they know that the municipal government of Paris 
isin the control of a political party which is violently opposed to 
the present republican form of government and these relations are 
so drawn that the president of the municipal council no longer 
attends the functions of the president of the republic. 

The most charming of the excursions made by the congress 
was a visit to Chantilly. The chateau and estates of Chantilly 
were formerly the property of the famous Condé, the great con- 
stable of France, and in a direct line of descent were inherited by 
the junior branch of the Bourbons of which the late Duc D’ Aumale 
was the last representative. Dying in 1898 without heirs the 
Duc, by a will dated October 25, 1886, left this vast estate,—the 
chateau and its grounds, its fountains, its buildings and forests, 
its books, pictures, and objects of art, to the French Institute to 
hold in trust forever for the benefit of the French people and the 
people of the whole world. This patriotic man, although of royal 
descent, was one of the few princes of the blood who gave a gen- 
uine adhesion to the republican form of government, and he at- 
tested his devotion to his country, even as a republic, by leaving 
to it this magnificent estate with all its priceless objects of art 
and of history. 

All too short were the few hours which we were able to spend 
in that magnificent palace, filled with treasures the equal of which 
can no where else be seen, when judged from the point of view of 
history. Although the day was extremely hot, no one suffered 
from fatigue withesuch a prospect as was presented. The cha- 
teau, the museums, the lakes, the fish ponds, the race course, the 
meadows, and the magnificent stables, which are the admiration 
of the world, all helped to make the afternoon delightful. 

One of the most pleasant features in connection with the con- 
gress was the unveiling of the statue of Lavoisier in the Place de 
la Madeleine, under the auspices of the French Academy of 
Sciences. A beautiful canopy had been erected for the foreign 
delegates and invited guests, and, although the day was excep- 
tionally hot, there was no lack of interest in the exercises. 
Nearly all the members of the congress were present to render 
honor to the great founder of their science, and it was in the 
midst of an audience composed of those learned men, of the 
Academy of Sciences, of the representatives of the other branches 
of the institute, and of numerous learned societies of France, and 
foreign countries, that the statue of the founder of the science of 
chemistry, of immortal memory, as Wurtz has said, was unveiled. 
This beautiful piece of sculpture represents Lavoisier with 
uplifted right hand in the attitude of delivering a lecture to his 
students. The left elbow is supported upon a lot of apparatus 
representing the original forms used by Lavoisier in his immortal 
discoveries. The piece of statuary bears the simple inscription 
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‘* Lavoisier, 1743-1794.’’ This piece of sculpture is the work of 
one of the greatest of contemporaneous artists, Barrias. Itcan be 
said without exaggeration that it adds greatly to his glory. Bar- 
rias has shown us the master in all the majesty of his genius and, 
at the same time, in the garb of the philosopher and incomparable 
experimenter. 

Orations were pronounced by Berthelot, in his absence read by 
M. Moissan, and by Leygues, the minister of public instruction. 
The discourse of M. Leygues was especially eloquent. He 
closed his address with the following words : 

‘* There is an invincible force in things which always triumphs 
in the end. ‘The scientific institutions which seemed to have dis- 
appeared forever with Lavoisier soon sprung up again vivified and 
rejuvenated by the powerful breath of the revolution, and remain 
reflected in our glorious institute of France. Among us the rights 
of free thought are imprescriptible. Nothing can prevail against 
them. Lavoisier was brave in the face of death. ‘I have obtained,’ 
he wrote to Augez de Villers, ‘a career tolerably long and above 
all very happy, and I believe that my memory will be accompanied 
with some regrets, possibly even with some glory. What could I 
desire more? The events in which I find myself enveloped are 
probably going to save me the inconveniences of old age. I shall 
die perfectly whole. That is an advantage which I ought to count 
among the number of those with which I console myself.’ A 
single remark is to be made in answer to these last words. Men like 
Lavoisier never wholly die, and the scaffold only serves to build 
a pedestal upon which grateful generations will sometime erect 
their images.’”’ 

To my mind there could be no happier way of stating the present 
attitude of the French people toward those great men whom the 
fury of the terror conducted to the scaffold a little over a hundred 
yearsago. To me, there are nomore interesting works of art in the 
great city of Paris, the mother of modern art, than the two 
statues of two men beheaded during the revolution, Danton, 
representing the spirit of pure democracy, and Lavoisier repre- 
senting the spirit of pure science. His judges would not listen 
to his plea for a few days more of life to finish some scientific 
work upon which he was engaged. They hurried him with all 
haste to the scaffold, and now the whole scientific world unites 
to honor his undying memory which an ignominious death has 
only helped to make more precious. 

H. W. WILEY. 
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Power Laboratory Ore Grinder.—In such a laboratory, as that 
of the Edgar Thomsen Steel Works, where many ore and slag 
analyses are made daily, and rapid work is essential, the question 
of obtaining comparatively large amounts of the samples in a fine 
powder is an important one. It is a general rule, in ore and slag 
work, that the finer the sample is ground, the more rapidly and 
satisfactorily can the analysis be made. 

In recognition of these facts, we some time ago installed in our 
laboratory, a small ore grinder operated by an electric motor, 
which, as it does the work much more satisfactorily than was 
possible by hand grinding, we think worthy of description for the 
benefit of other chemists. 

The accompanying cut shows fairly well the general appear- 
ance of the grinder. It stands 18 inces high and occupies about 
1 square foot of floor space. Preferably it is made of bronze and 
steel, heavily nickel-plated to resist the laboratory fumes. The 
motion is communicated to the grinder bya 4 inch round belt 
running in a grooved pulley about 4 inches in diameter. Inside 
the hollow mandgl thus moved, is a sliding steel rod, witha 
groove cut lengthwise, in which a hard- 
ened steel pin, fastened to the hollow 
mandrel, slides. 

The agate pestle is fastened to this 
sliding rod about 1 inch from the cen- 
ter and at such an angle, that in revolv- 
ing, it follows closely the level of the 
bowl of the mortar. 

The pressure is regulated by a spring 
pressing on the top of the sliding rod. 
The motion of the pestle is produced 
by a ball and socket joint, giving a 
combined rocking, rolling, and scraping 
motion, similar to that used in hand 
grinding, but on account of the rapid 
motion and uniform pressure, is much 
more efficient. In order to bring all the ore, in turn, under the 
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pestle, the mortar is given a slow revolving motion, while a 
scraper, pressing against the bowl, brings all the ore under the 
pestle. The mortar is held in place by four thumbscrews in four 
posts suitably placed to hold the sides of the mortar. One of these 
posts can be dropped down when the set screw is loosened, which 
allows the mortar to be taken out, the pestle being previously 
pushed up about 14 inches. This is all done in a few minutes, it 
not even being necessary to stop the revolution of the pestle. 
The power required to operate this grinder is small and could 
probably be obtained from a small water motor, if electricity is 
not available. We have four of these grinders in daily use. 
Leather belts can be used for connections, but after trying several 


kinds we find the steel spring belt is best. 
C. B. MuRRAY. 


EDGAR THOMSEN STEEL WORKS. 





Loss of Sulphur in Preparing Ash of Plants.—It is generally 
known that the sulphur contained in an ash does not necessarily 
represent the sulphur content of the plant. Berthelot’ states that 
the determination of phosphorus and sulphur when the plant is 
burned to an ash is often ‘incorrect, and discusses the conditions 
theoretically necessary that no loss take place.* S. Bogdonow* 
states that the estimation of the sulphur content of a plant by 
determining the sulphur in the ash, is incorrect. He determines 
the sulphur in the plant preferably by the method of fusing it 
with caustic potash and potassium nitrate. Comparing his analy- 
ses of cereals made by this method with Wolf’s tables of ash analy- 
ses, he concludes: (1) That the sulphur in the ash does not give 
even an approximate idea as tothe sulphur in the plant; (2) that 
plants contain considerably more sulphur than has been supposed; 
(3) the sulphuric acid of the soil is of practical importance. It 
may be added that he found fertilization with sulphates advanta- 
geous to certain Russian soils. 

The following experiments were made to test whether sulphur 
was lost on incineration of vegetable substances. No case was 


1 Compt. rend., 128, 17. 
* Wiley (‘‘ Principles and Practice of Agricultural Analysis,”’ Vol. III, p. 37) states, that 
unless special precautions are taken, a portion of the organic sulphur and phosphorus may 
escape during the combustion. The method of determining sulphur in protein is de- 
scribed : Same volume, p. 446. 
2 J. russ. phys. chem. Ges., 31, 471. 
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found in which all the sulphur of the plant was contained in the 
ash. 

The determination of the sulphur was made by two methods : 
a. 10 grams were burned to an ash at the lowest possible tempera- 
ture, and the sulphur determined in it; 4. 10 grams substance 
were burned with the addition of 20 cc. of a solution of calcium 
acetate containing 29.2 grams per liter, as recommended by Dr. 
A. E. Shuttleworth. 


SULPHUR FOUND IN PLANTS. 
d. Burned with 


calcium acetate. a. Alone. Loss. 
Per cent. Per cent. Per cent. 


Oat straw . O.151 4 
Crimson clover hay , 0.137 28 
Green rape 4 0.471 6 
Wheat bran r 0.000 100 
Corn silage r 0.082 16 
Timothy hay r 0.076 II 
Cottonseed meal ; 0.071 68 
Soy beans...........++- ; 0.091 58 
Linseed meal : 0.038 58 

The sulphur obtained when the ash was burned by itself is from 
4 to 100 per cent. less than when burned with calcium acetate. 
Whether the calcfim acetate retains all the sulphur or not, is a 
point which requires further study. 

The differences in the above table may in some cases seem insig- 
nificant, but owing to the quantity of material employed, it 
requires 0.0007 gram barium sulphate to produce a difference of 
0.001 per cent. 

It is plain that the determination of sulphur in an ash prepared 
in the usual way, far from giving any idea as to the sulphur in 
the plant, may prove very misleading. Any conclusions drawn 
from such analyses are liable to prove erroneous. 

This work was performed in the laboratory of the North Caro- 
lina Experiment Station, with the permission of Professor W. A. 


Withers, chemist. 
G. S. FRAPS. 


A Simple Test to Distinguish Oleomargarine from Butter.—In 
the March (1900) number of this Journal, Hess and Doolittle refer 
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to the well-known spoon test for oleomargarine and in the Octo- 
ber number Dr. C. A. Crampton mentions the fact that this test 
is preferred to the polarizing microscope by many revenue exami- 
ners. 

Another simple test was called to my attention by Mr. C. H. 
Waterhouse, Dairy Instructor at the New Hampshire College, a 
short time before his death, this last summer, and was originated 
by him. Previous to his sickness he had asked me to try it on 
various kinds of fats, but until recently I had been unable to do 
so. From the results now obtained and the simplicity of the test, 
I am convinced that it may find application preliminary to chem- 
ical analysis. 

The details are as follows: Half fill a 100 cc. beaker with sweet 
milk, heat nearly to boiling and add from 5 to 10 grams of butter 
or oleomargarine. Stir with a small rod, which is preferably of 
wood and about the size of a match, until the fat is melted. The 
beaker is then placed in cold water and the milk stirred until the 
temperature falls sufficiently for the fat tocongeal. At this point 
the fat if oleomargarine can easily be collected together into one 
lump by means of the rod, while if butter it will granulate and 
cannot be so collected. The distinction is very marked. The 
stirring is not, of necessity, continuous during the cooling, but it 
should be stirred as the fat is solidifying and for a short time 
before. The milk should be well mixed before being turned into 
the beaker as otherwise cream may be turned from the top 
and contain so much butter-fat that the test is vitiated for 
oleomargarine. I have tried this test many times on twenty- 
one different samples of oleomargarine and on several sam- 
ples of butter and have found it to work in every case. Many of 
these samples were also given by me to my assistant for trial and 
he never failed to immediately distinguish between oleomargarine 
and butter. I have also made mixtures and have found that one 
containing about 25 per cent. or less of butter would be always 
classed as an oleo. Lard and cottolene act the same as oleomar- 
garine. 

While the small number of samples of oleo to which the test 
has been applied will not allow of a positive statement of its uni- 
versal application, I am convinced from my own experience that 
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it will prove of value, especially in the hands of revenue agents 
and others employed in detecting illegal sales of oleomarga- 
rine, as it may materially lessen the number of samples to be sent 
forward for the final proof of chemical analysis. 

If this test is found to be of use it should be known as the 
‘* Waterhouse Test.’’ CHARLES LATHROP PARSONS. 
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